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ABSTRACT OP THE THESIS
m-Ami no. s t y r e n e  has  been  s y n t h e s i s e d ,  by a known r o u t e ,  from 
a c e to p h e n o n e , T h is  monomer has  been  homopolymerised and copo ly m er ised  
w i th  s t y r e n e  by means o f  2 , 2 ’- a z o i s o b u t y r o n i t r i l e ,  as th e  i n i t i a t o r ,  
a t  two c o n c e n t r a t i o n s  ( 0 . 2  and 0.4?^ on th e  w e igh t  o f  t h e  monomers). 
The: po lym er ic  amines have been  c h a r a c t e r i s e d  by i n t r i n s i c  v i s c o s i t y  
d e t e r m i n a t i o n s  i n  a n i l i n e .
The po lym er ic  amines have been  c o n v e r t e d  to  t h e i r  r e s p e c t i v e  
d iazonium c h l o r i d e s ,  which have  been o b t a i n e d  i n  homogeneous 
s o l u t i o n  i n  a c i d i c  aqueous m e th an o l ,  and t h e r e a f t e r  th e  k i n e t i c s  
o f  t h e i r  d e c o m p o s i t io n ,  a t  2 9 .8 ° ,  have been s t u d i e d .  '
The r a t e - c o n s t a n t s  o f  t h e  d eco m p o s i t io n  o f  t h e  po lym er ic  
d iazonium c a t i o n s  i n  a c i d i c  aqueous methanol  w i th  th o s e  o f  b e n aene-  
snd m-cumene-- d iazonium c a t i o n s  i n  s i m i l a r  s o l u t i o n  have been  
compared i n  o r d e r  to  a s s e s s  the- c o n t r i b u t i o n  o f  t h e  c h a in  s t r u c t u r e  
o f  th e  p o ly m e r ic  d iazonium  compounds to  th e  r a t e  o f  d e co m p o s i t io n ,  
and to  a s c e r t a i n  w h e th e r  any s p e c i f i c a l l y  m acrom olecu la r  r e a c t i v i t y  
f a c t o r s  o p e r a t e  i n  t h e  d e c o m p o s i t io n  o f  p o ly m er ic  d iazonium 
c a t i o n s .
A number o f  s t a n d a r d  d iazonium re p la ce m e n t  r e a c t i o n s  have been
( i i )
e f f e c t e d  w i th  th e  p o lym er ic  amines ,  r e s u l t i n g  i n  t h e  i n t r o d u c t i o n  
o f  c h l o r i n e ,  bromine and i o d i n e  atoms and t h i o l  g ro u p s .  The 
s t r u c t u r e s  o f  t h e  r e p la c e m e n t  p r o d u c t s  have been  t e n t a t i v e l y  
d i s c u s s e d .
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H I S T O R I C A L  I N T R Q D U C T I  ON
1 « .
A d d i t io n  P o l y m e r i s a t i o n .
H i s t o r i c a l  I n t r o d u c t i o n .
The s tu d y  o f  po ly m e r ic  m a t e r i a l s  has  h e ld  t h e  a t t e n t i o n  o f  i n v e s t ­
i g a t o r s  f o r  o ve r  100 y e a r s ,  a l th o u g h  i t  h a s  been o n l y  d u r in g  t h e  l a s t  
40 y e a r s  t h a t  e x t e n s i v e  work h as  been c a r r i e d  o u t  on t h e  mechanisms o f  
t h e  r e a c t i o n s  and t h e  s t r u c t u r e s  o f  t h e  p r o d u c t s ,  l a r g e l y  owing to  
t h e i r  e x pand ing  i n d u s t r i a l  im p o r ta n c e .
The f i r s t  r e p o r t e d  o b s e r v a t i o n  o f  t h e  phenomenon o f  p o l y m e r i s a t i o n
was by Siraon^ i n  1839, who n o te d  t h e  c o n v e r s io n  o f  s t y r e n e  to  a
2g e l a t i n o u s  mass and B e r t h e l o t  a p p l i e d  th e  term p o l y m e r i s a t i o n  to  t h i s  
phenomenon.
Oral:am p roposed  th e  f i r s t  t h e o r y  as to  th e  n a t u r e  o f  such m a t e r i a l s
He c a l l e d  a t t e n t i o n  to  t h e  v e ry  slow d i f f u s i o n  r a t e s  o f  c e r t a i n  polymers
and t h e i r  i n a b i l i t y  to  p a s s  t h ro u g h  sem i-pe rm eab le  membranes. He c a l l e d
t h e s e  m a t e r i a l s  c o l l o i d s  and p roposed  th e  " c o l l o i d a l  t h e o r y ” whereby
p o ly m er ic  m a t e r i a l s  were r e g a r d e d  as a g g r e g a t e s  o f  r e l a t i v e l y  sm a l l
m o le c u la r  w e igh t  compounds h e ld  t o g e t h e r  by s e c o n d a r y - v a l e n c y  f o r c e s .
4 5Lebedev and H a r r i e s  b o th  p o ly m e r is e d  b u t a d i e n e  and a s s ig n e d  t h e  
c y c l o - o c t a d i e n e  s t r u c t u r e  t o  t h e  p r o d u c t ,  t h i s  b e in g  r e g a r d e d  as  th e  
a g g r e g a t i n g  u n i t .
C H g— C H m C H  — OH g
C H g— C H = O H  — OHg  
Two y e a r s  l a t e r  Bebedev^ '^  proposed  a c h a in  s t r u c t u r e  f o r  t h e
p r o d u c t .
—  ( -  CH^—  OH — OH— O H ^ O H ^  O H z z O H — O H g - ) -
— 2 —
Sb u t  i n  s p i t e  o f  t h i s  p r o p o s a l  and a s i m i l a r  one by P i c k l e s  f o r  r u b b e r ,  
t h e  r i n g  s t r u c t u r e s  and a g g r e g a t i o n  were  g e n e r a l l y  f av o u re d  u n t i l  1920 
when S t a u d in g e r ^  amid much o p p o s i t i o n  proposed  th e  now w e l l  a c c e p te d  
c h a in  fo rm ulae  f o r  p o l y - ( s t y r e n e )  and p o l y - ( o x y m e th y l e n e ) ,
— CHg— CH—OHg— CH— CH^-~ -  CH^ —  0 —CH^-O —GHg-
Ph Ph
He a t t r i b u t e d  th e  c o l l o i d a l  p r o p e r t i e s  e n t i r e l y  to  t h e  s i z e  o f  
t h e s e  p r im a r y - v a l e n c y  m o le c u le s  which he guessed  may c o n t a i n  many 
h undreds  o f  u n i t s .  He accou n ted  f o r  t h e  end g roups  o f  t h e  m o le cu le s  
w i th  t h e  i d e a  t h a t  f r e e - r a d i c a l s  a t  t h e  ends o f  v e ry  lo n g  c h a i n s  would 
be u n r e a c t i v e ,  a view which h a  l a t e r  m od if ied^^  , s u g g e s t i n g  t h a t  t h e  
f r e e - r a d i c a l s  may be s a t i s f i e d  by c y c l i s a t i o n .  He r e g a r d e d  th e  
f o r m a t io n  o f  such po lymers  as a  p r o c e s s  o f  s u c c e s s i v e  a d d i t i o n s  o f  
monomer u n i t s  to  a d i - r a d i c a l  such as «GHg— (Ph)CH* u n t i l  an e q u i l i b r i u m  
was a t t a i n e d  between t h e  polymer m o lecu le  and th e  monomer owing to  t h e  
i n s t a b i l i t y  o f  t h e  polymer m o le c u le .
He ex tended  t h i s  " c o v a l e n t  t h e o r y "  to  n o n - l i n e a r  polymers^^  where 
he a t t r i b u t e d  t h e i r  i n s o l u b i l i t y  and i n f u s i b i l i t y  t o  t h e  f o r m a t io n  o f
ne twork  s t r u c t u r e s .  P i g .  1.
F ig u re  1.
Major su p p o r t  i n  f a v o u r  o f  S t a u d i n g e r ’ s c h a in  co n ce p t  was p ro v id ed
12by S p o n s l e r  and Dove who showed by X-Ray d i f f r a c t i o n  t e c h n iq u e s  that ,  
c e l l u l o s e  f i b r e s  p o s s e s s e d  a  c h a in  s t r u c t u r e  b u i l t  up from a y e ry  l a r g e
-  3 -
number o f  u n i t s .  T h is  t e c h n iq u e  was a p p l i e d  to  o t h e r  l i n e a r  po ly m ers ,
g i v i n g  r i s e  to  c h a r a c t e r i s t i c .  X-Ray f i b r e  p a t t e r n s .
13T a y lo r  and B a te s  • f i r s t  p roposed  th e  f r e e - r a d i c a l  c h a in  mechanism 
f o r  the: f o r m a t io n  o f  a  polymer to  e x p l a i n  t h e  p o l y m e r i s a t i o n  o f  e th y l e n e  
i n  t h e  gaseous  p h a s e .  A s i m i l a r  mechanism was i n d e p e n d e n t l y  p roposed
14by S t a u d in g e r  f o r  l i q u i d - p h a s e '  p o l y m e r i s a t i o n .
a-  + GHg-CHX —s  a  —CHg—-CH- — R—CHg— CH —CHg— CH*
X X X
Such a mechanism was i n  acc o rd  w i th  th e  ob se rved  d a t a  i n  t h a t  i t  had 
15been n o ted  t h a t  p h o t o i n i t i a t e d  l i q u i d - p h a s e  p o l y m e r i s a t i o n s  had
quantum y i e l d s  o f  t h e  o r d e r  o f  10^ (b ased  on t h e  number o f monomer
u n i t s  consumed p e r  quantum o f  l i g h t  abso rbed)  and " n e g a t iv e "  e f f i c i e n c i e ;
o f  s i m i l a r  o r d e r  were o b t a i n e d  w i th  c e r t a i n  i n h i b i t o r s ' ^ .  F u r t h e r  i t '
was found t h a t  d u r i n g  p o l y m e r i s a t i o n  th e  system c o n s i s t e d  a lm os t
17e n t i r e l y  o f  h ig h  polymer and unchanged monomer and i n t e r m e d i a t e s  i n  
t h e  nature. '  o.f d i - ,  t r i - ,  t e t r a m e r s  e t c .  were  g e n e r a l l y  u n d e t e c t a b l e .
I t  i s  known t h a t  i n  the: c a se  o f  s t y r e n e  th e  dimer and t r i m e r  a r e  i n e r t
• >• t
to  f u r t h e r  p o ly m e r i s a t io n ^ ® .  Chalmers^^ from a s t u d y  o f  t h e  a v a i l a b l e  
l i t e r a t u r e :  p roposed  a t h e o r y  o f  a d d i t i o n  p o l y m e r i s a t i o n :  he p o s t u l a t e d  
t h a t  r e a c t i o n  took  p l a c e  by a c h a in  mechanism c o n s i s t i n g  o f  a slow 
i n i t i a t i o n  s t e p  l e a d i n g  to  an a c t i v e  i n t e r m e d i a t e  which was fo l lo w ed  
by a  v e r y  r a p i d  p r o p a g a t io n  s t e p  i n  which a  l a r g e  number o f  a d d i t i o n s  
o f  monomer u n i t s  to  t h e  a c t i v e  c e n t r e  o f  t h e  growing c h a in  o c c u r r e d .
The c h a in  n a t u r e  o f  t h e  r e a c t i o n  has  been  fo l lo w e d  by f u r t h e r  
i n v e s t i g a t o r s ,  n o t a b l y ,  Mark, F l o r y ,  S c h u lz ,  Marvel and D o s ta l  and 
proved to  b e  c o r r e c t . .
s t r u c t u r e  and Form ation  o f  A d d i t io n  P o ly m e rs .
A d d i t io n  polymers  a re  formed by th e  co m b in a t io n  o f  r e l a t i v e l y  sm a l l  
m o le c u la r  w e igh t  compounds th ro u g h  c o v a l e n t  bond in g ,  w i th o u t  th e  
e l i m i n a t i o n  o f  any sm a l l  m o le c u le s ,  g i v i n g  r i s e  to  v e ry  l a r g e  indeperiden
A Cm o le cu le s  (m o le c u la r  w e igh t  1 0 ^ -1 0 ^ ) ,  Thus t h e  e le m e n ta ry  com p o s i t io n  
o f  t h e  f i n a l  polymer i s  i d e n t i c a l  to  t h a t  o f  th e  monomer i t s e l f .
They may be formed i n  t h r e e  g e n e r a l  t y p e s ,  namely,  l i n e a r ,  b ranched  
and c r o s s - l i n k e d ,  o f  which t h e  l i n e a r  form p red o m in a te s  i n  t h e  c a s e  of.
l i n e a r  b ranched  c r o s s - l i n k e d
F ig u r e  2.
v i n y l  p o l y m e r i s a t i o n s .  C e r t a i n  v i n y l  po lymers^^*^^ ,  f o r  example ,  p o l y -
( v i n y l  a c e t a t e ) ,  may p o s s e s s  o c c a s i o n a l  b ra n c h e s  ( c a . 1 i n  1000 u n i t s )
which r e s u l t  from t r a n s f e r  r e a c t i o n s  between th e  polymer c h a in  and
monomer o r  a growing c h a in  r a d i c a l .  G r o s s - l i n k e d  polymers  may be
o b t a i n e d  by th e  i n t r o d u c t i o n  o f  m a t e r i a l  o f  h i g h e r  f u n c t i o n a l i t y  o r '
by c h e m ic a l ly  l in k i n g ,  two- c h a i n s .
Polymers d i f f e r  from s im p le  o r g a n ic  m o le cu le s  i n  t h a t  a  p o ly m e r ic
compound c o n s i s t s  o f  c h a i n s  o f  w id e ly  d i f f e r i n g  d e g re e s  o f  p o l y m e r i s a t i o i
i . e .  v a r y i n g  numbers o f  monomer u n i t s  i n  t h e  c h a i n s ;  t h u s  t h e y  do n o t
p o s s e s s  a  t r u e  m o le c u la r  w e igh t  i n  t h e  normal s e n s e ,  and any r e f e r e n c e
• - ' 'a p p l i e s  to  an ave rage  v a l u e .
The fo r m a t io n  o f  a polymer, ,  by a c h a in  r e a c t i o n ,  i s  e f f e c t e d  i n  
t h r e e  s t a g e s .  The monomer i s  f i r s t  a c t i v a t e d  to  p ro du ce  an a c t i v e  
i n t e r m e d i a t e ,  ( i n i t i a t i o n ) .  Monomer m o le cu le s  t h e n  add to  t h e  a c t i v e '
—  ^  —
c e n t r e  i n  r a p i d  s u c c e s s i o n  ( P r o p a g a t i o n )  u n t i l  such t im e  as t h e  c h a in s  
a r e  t e r m in a t e d  ( T e r m in a t io n ) .  The r a p i d i t y  o f  th e  p r o p a g a t io n  s t e p  i s  
such t h a t  a t  any t im e  t h e  sys tem c o n s i s t s  a lm os t  e n t i r e l y  o f  h ig h  polyme] 
and unchanged monomer, t h u s  t h e  t im e  o f  t h e  r e a c t i o n  d e te r m in e s  o n ly  th e  
d eg ree  o f  c o n v e r s io n  o f  th e  monomer to  polymer and n o t  th e  d e g re e  o f  
p o l y m e r i s a t i o n ,  e x c e p t i n g  th e  sm a l l  degree  o f  b r a n c h in g  which may o c c u r .  
I n i t i a t i o n ,
A number o f  pure  monomers a re  a b le  to  undergo spon taneous  po lymer­
i s a t i o n ,  b u t  most r e q u i r e  some form o f  i n i t i a t i o n  f o r  t h e  f o r m a t io n  o f  
an a c t i v e  c e n t r e  to  promote f u r t h e r  growth .  F r e e - r a d i c a l  i n i t i a t i o n  o n ly  
w i l l  be c o n s id e r e d  b u t  n o t e  must be made o f  t h e  f a c t  t h a t  i o n i c ,  b o th  
a n io n ic  and c a t i o n i c ,  i n i t i a t o r s  a r e  a v a i l a b l e  and t h a t  f r e e - r a d i c a l s
may be in t r o d u c e d  i n t o  th e  system by th e  p h o to d ec o m p o s i t io n  o f  th e  
22monomer i t s e l f
F r e e - r a d i c a l  i n i t i a t i o n  i s  e f f e c t e d  by t h e  i n t r o d u c t i o n  i n t o  th e  
system o f  sm a l l  q u a n t i t i e s  o f  compounds which a r e  known to  decompose 
u n d e r  t h e  a c t i o n  o f  h e a t  o r  l i g h t  to  produce f r e e - r a d i c a l s .  The most 
common c l a s s e s  o f  compounds, i n  t h i s  r e s p e c t ,  a r e  t h e  o r g a n i c  p e r o x i d e s  
e . g .  b enzo y l  p e ro x id e  which i s  known to  decompose between 50 and 100°
p/ pcw i th  th e  r e l e a s e  o f  f r e e - r a d i c a l s  - ' ' and t h e  a l i p h a t i c  a z o b i s -
26 27n i t r i l e s ,  e . g .  2 , 2 * - a z o - i s o b u t y r o n i t r i l e  '
(PhC00)2 — ) 2 PhCOO- -----» 2 Ph< + 2 CO,
CH ON c a  OBI I  I .  I
( CHg) g—  0 — a  = - B - 0  — ( CHg) g - i  (C H j ) g — c — H = iH - + -C — (CH ) g
c a
-  6 -
2 , 2 ' - A z o - i s o b u t y r o n i t r i l e  i s  o f t e n  chosen  i n  p r e f e r e n c e  to  b en zo y l
23p e r o x id e  s i n c e  i t s  d e c o m p o s i t io n  i s  o f  t h e  f i r s t  o r d e r  and i s  f r e e  
from s i d e  r e a c t i o n s ,  e . g .  r a d i c a l  induced  d e c o m p o s i t io n  (b e lo w ) .  Also 
b en zo y l  p e r o x i d e ,  b e in g  an o x i d i s i n g  a g e n t ,  may l e a d  to  unwanted 
e f f e c t s  i n  t h e  p o l y m e r i s a t i o n  o f  c e r t a i n  monomers.
The a c t i v a t i o n  o f  t h e  monomer can occu r  i n  two ways;
1) I- +C H2— CHX-
2 ) I'  + CHX -
I  — CH — CHX
I —CHX—CH2
The r e s p e c t i v e  r a t e s  o f  f o r m a t io n  a re  dependen t  on t h e  s t a b i l i t i e s  o f  
t h e  two s t r u c t u r e s :  ( l )  i s  g e n e r a l l y  found to  p red o m in a te  i n  t h a t  
s t a b i l i s a t i o n  i s  p o s s i b l e ,  by re s o n a n c e  w i th  s u b s t i t u e n t s ,  which i s  n o t  
a f f o r d e d  by s t r u c t u r e  ( 2 ) ;
I  -GHg— GH I-CH^—-CH w  I - G H ^ C H  I — Ch '— CH2 I 2 11 2 || 2 jjA
The f a c t  t h a t  i n i t i a t o r  f r a g m e n ts  a re  p r e s e n t  i n  t h e  polymer h a s  been
29 28proved  by chem ica l  '  and p h y s i c a l  methods.
P r o r o g a t i o n .
The p r o p a g a t io n  s t e p  may p ro ce ed  i n  two ways.  S u c c e s s iv e  a d d i t i o n s  
o f  t h e  monomer to  th e  r a d i c a l  end o f  t h e  c h a in  may be i n  a head to  t a i l ,  
o r  a  head to  head fo l lo w e d  by a t a i l  to  t a i l ,  manner,  which would 
r e s u l t  i n  t h e  f o l l o w in g  s t r u c t u r e s ;
1 ) head t o  t a i l
R-CH^— C H - C H ^ C H  —C H ^ C H —CHg
X X X
— 7 —
2) head to  head : t a i l  t o  t a i l
R_CH — CH — CH — CHr— C H ^ C H — CH— CH^ — ^ k k >■ k
The above a p p l i e s  to  a r e g u l a r  a d d i t i o n ,  b u t  t h e r e  i s  a l s o  t h e  p o s s i b i l i i
o f  random a d d i t i o n  which would produce  a s t r u c t u r e ;
R —  CH — C H ^ C H  — CH— C H ; ^  C H ; ^  CH— C H ^  CH— CH—  CH%-
d  d  \ \ d  d  \ d  \ X dX X X  X X X
Head to  t a i l  a d d i t i o n  i s  t h e  more p ro b a b le  because  no energy  changes  
a r e  i n v o lv e d :  th e  new r a d i c a l  p o s s e s s e s  th e  same: re so n a n c e  e nergy  as 
i t s  p r e d e c e s s o r ,  whereas head  to  head a d d i t i o n ,  which i s  fo l lo w ed  by 
t a i l  to  t a i l  g rowth ,  i n v o l v e s  energy  changes ;  t h e  head  to  t a i l  growth 
i s  a l s o  s t e r i c a l l y  more f a v o u r a b l e .
These o b s e r v a t i o n s  have  been  conf i rm ed  by v a r i o u s  i n v e s t i g a t o r s ,
? r \Staudinger*^ p y r o ly s e d  p o l y - ( s t y r e n e )  a t  a  t e m p e r a t u r e  o f  500° and 
o b t a i n e d  among t h e  p r o d u c t s ;
CH —  CH —  C H „ CH,.—  C H - ~  CH--- C H , r -  CH._
i i ; i  i IPh Ph Ph Ph Ph
b u t  no compounds h a v i n g ,  pheny l  g roups  on a d j a c e n t  carbon atoms.
Marvel  and Denoon^ have h y d ro ly s e d  p o l y - ( v i n y l  a c e t a t e )  and found 
t h a t  th e  p ro d u c t  consumed a n e g l i g i b l e  q u a n t i t y  o f  p e r i o d i c  a c i d  which 
would s p l i t  any 1 , 2 - g l y c o l  u n i t s  p r e s e n t ,  i n d i c a t i n g  v e ry  l i t t l e  o r  nc  
head to  head l i n k i n g .
Ph
Î
Ph
C E ^ -  CH-^  IOH
- CH-— C H p —IOH
HIO^
32F l o r y  and L e u tn e r  have shown t h a t  t h e r e  a r e  some head to  head 
l i n k a g e s  amounting to  1 - 2 ^  depend ing  on t h e  t e m p e r a tu r e  o f  p o ly m e r i s a t i o n
—» 8 —
o f  t h e  v i n y l  a c e t a t e ;  t h e y  used  a more s e n s i t i v e  v i s c o s i t y  t e c h n iq u e .  
T e r m in a t io n .
The t e r m i n a t i o n  o f  a  growing r a d i c a l  c h a in  may o c c u r  i n  a number 
o f  d i f f e r e n t  ways, t h e  p r i n c i p a l  modes b e in g ;
a)  Combinat ion -  whereby two r a d i c a l  c h a in  ends combine w i th  th e  
a n n i h i l a t i o n  o f  t h e  two a c t i v e  c e n t r e s .
R~CH^— CH.— CH* + -CH— CH— R'  R— C H ^ C H ;r—CH—CH— CH;T-R»
d  id  j  j d  2  2  I I d
X X  X X
T his  has  been  shown to  be th e  e x c l u s i v e  mode o f  t e r m i n a t i o n  i n  t h e  
p o l y m e r i s a t i o n  o f  s t y r e n e  a t  25°^^ u s i n g  ^^C l a b e l l e d  2 , 2 ' - a z o - i s o -  
b u t y r o n i t r i l e  i n i t i a t o r ,  where a n a l y s i s  showed t h e  p r e s e n c e  o f  two 
i n i t i a t o r  f r ag m e n ts  p e r  poljrraer m o le c u le .
b)  D i s p r o p o r t i o n a t i o n  -  whereby t r a n s f e r  o f  a hydrogen  atom, t h ro u g h  
t h e  i n t e r a c t i o n  o f  two growing r a d i c a l  c h a in s  p ro d uces  two polymer 
m o le c u le s ,  one s a t u r a t e d  and th e  o t h e r  u n s a t u r a t e d .
R— GH — CH;^-CH* + .CH— CH5— R ' H —CH; ^CH^— CH^ + GH =  CH —R'
d  d  j I d  d  d  I d  I
X X  X X
33B ev ing ton ,  M e l v i l l e  and T a y lo r  u s i n g  th e  same t e c h n iq u e  as  above f o r  
p o ly - ( m e th y l  m e t h a c r y l a t e )  found 1 .2  i n i t i a t o r  f r a g m e n ts  p e r  polymer 
m o lecu le  i n d i c a t i n g  a p re p o n d e ran c e  o f  t e r m i n a t i o n  by d i s p r o p o r t i o n a t i o n
c) T e rm in a t io n  by r e a c t i o n  w i th  i n h i b i t i n g  a g e n t s  o r  i m p u r i t i e s .
d)  T e rm in a t io n  by a d d i t i o n  o f  i n i t i a t o r  r a d i c a l  o r  p r im a ry  r a d i c a l ^ t o  
t h e  r a d i c a l  c h a in  end.
Both ( c )  and ( d )  a r e  sm a l l  e f f e c t s  owing to  t h e  low c o n c e n t r a t i o n s  
o f  such  r a d i c a l s ,  e s p e c i a l l y  p r im a ry  r a d i c a l s .
©) T r a n s f e r  r e a c t i o n s  -  T e r m in a t io n  o f  a growing r a d i c a l  c h a in  may
M* ^  M
occu r  by a number o f  t r a n s f e r  r e a c t i o n s  w i th  t h e  monomer, t h e  s o l v e n t  
( i f  a n y ) ,  t h e  i n i t i a t o r  o r  Mead* polymer p r e s e n t  i n  t h e  sys tem .  I n  a l l  
c a s e s  m i g r a t i o n  o f  an atom i s  in v o lv e d  between th e  a c t i v e  r a d i c a l  and 
t h e  o t h e r  m o le c u le .  Where t h e  m o lecu le  i s  s a t u r a t e d ,  t r a n s f e r  i s  from 
t h e  m o lecu le  to  th e  a c t i v e  c h a in  but. where th e  m o lecu le  i s  u n s a t u r a t e d ,  
t r a n s f e r  may talce p l a c e  i n  e i t h e r  d i r e c t i o n .
i )  monomer t r a n s f e r
R —CH.~CH' + GH.-rrCHX ----> R—CH~rCH + CH,— CHX2 , 2  I 3
X X ,
R — CH^— CH* + CH^ — CHX — » R— CH^— CHg + CH«sCHX 
X X
i i )  s o l v e n t  t r a n s f e r
34B r e i t e n b a c h  and Maschin have  shown t h a t  s o l v e n t  t r a n s f e r  o c c u r s  
r e a d i l y  i n  t h e  p o l y m e r i s a t i o n  o f  s t y r e n e  i n  ca rbon  t e t r a c h l o r i d e  and 
t h a t  each polymer m o lecu le  c o n t a i n s  f o u r  c h l o r i n e  a toms,  a c c o rd in g  to  
t h e  f o l l o w in g  scheme;
R^ 4. CCI4 R^Cl + -CCl^
•CCI, + xM CCI,3 X 3
•R^CCl^ + CCl^ Cl-R-CCl^ + "CClg
i i i . )  i n i t i a t o r  t r a n s f e r
T h is  may o c cu r  i n  t h e  c a se  o f  benzoy l  p e ro x id e  which,  as p r e v i o u s l y  
s t a t e d ,  undergoes  r a d i c a l  ind u ced  d e co m p o s i t io n ;
R _ C H — CH* + (PhCOO)^— ) R— CH^ — CH—O — COPh + PhCOO-
X X
The u se  o f  2 , 2 * - a z o - i s o b u t y r o n i t r i l e ,  which decomposes by a f i r s t  ' 
o r d e r  mechanism and i s  n o t  s u s c e p t i b l e  to  r a d i c a l  induced  decom posi t ion ' .
— 10 —
o b v i a t e s  t h i s  d i f f i c u l t y ,  
i v )  polymer t r a n s f e r
T r a n s f e r  may o c cu r  a t  any p o i n t  on a ' d e a d ’ polymer c h a in  which
t e r m i n a t e s  t h e  growing r a d i c a l  c h a in  and a c t i v a t e s  t h e  o t h e r  polymer
m o lecu le  which may t h e n  grow f u r t h e r  to  produce  a t y p i c a l  b ranched  
c h a i n  u n i t ;
1 I , IO H . C H .  C H .I 2  I 2  , 2
E  - C H „ — CH- + H - C — X  R — CH„— CH„ ‘ C - X  C H ^  C H X ---------- C H „ — C ~ XI I ^ I I ft. I .m'y fL ^
X CH^ X C H .  C H .\  ^ \  ^ I 2
The o c c u r r e n c e  o f  t r a n s f e r  r e a c t i o n s  does n o t  g r e a t l y  a f f e c t  t h e  o v e r ­
a l l  r a t e  o f  p o l y m e r i s a t i o n  s i n c e  no a c t i v e  c e n t r e s  a r e  d e s t r o y e d  by th e  
p r o c e s s .  I t s  e f f e c t ,  i n  g e n e r a l ,  i s  to  red u c e  t h e  av e rag e  m o le c u la r  
w e igh t  o f  t h e  po lymer .
The r o l e  o f  oxygen i n  p o l y m e r i s a t i o n .
The p a r t  p la y e d  by oxygen i n  p o l y m e r i s a t i o n  i s  dependen t  on t h e  
sys tem ,  t h e  c o n d i t i o n s  o f  p o l y m e r i s a t i o n  and i t s  c o n c e n t r a t i o n .  I t  can 
f u l f i l  t h e  r o l e s  o f  i n h i b i t o r ,  co-monomer o r  i n i t i a t o r  ( i n d i r e c t l y ) .
1) -t- Og — » 0 —0-
2) M — » M— 0 —0 —M-
I n h i b i t i o n  i s  caused  where t h e  p e ro x id e  formed i s  a s t a b l e  compound
b u t  where, t h e  p e ro x id e  i s  t h e r m a l l y  u n s t a b l e  new f r e e - r a d i c a l s  a r e
g e n e r a t e d .  Polymers have been  produced i n  t h i s  way which p o s s e s s  a
35 361 Î 1 r a t i o  o f  oxygen to  monomer". .
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The K i n e t i c s  o f  V iny l  P o l y m e r i s a t i o n  by a F r e e - R a d i c a l  Mechanism.
In  d e r i v i n g  t h e  s i m p l e s t  form o f  k i n e t i c  e q u a t io n s  f o r  th e  sys tem ,  
c e r t a i n  a ssum pt ions  have been  made which have been  j u s t i f i e d  i n  t h a t  
t h e y  l e a d  to  e q u a t io n s  which a r e  i n  acco rd  w i th  e x p e r im e n ta l  o b s e r v a t i o n s  
I n  t h e  f o l l o w i n g  d e r i v a t i o n ,  t r a n s f e r  r e a c t i o n s  which do n o t  g r e a t l y  
a f f e c t  t h e  o v e r a l l  r a t e  o f  t h e  r e a c t i o n  have been  i g n o r e d .
The i n i t i a t i o n  o f  t h e  r e a c t i o n  i n  t h e  p re s e n c e  o f  an i n i t i a t o r .  I ,  
which decomposes by f i r s t  o r d e r  k i n e t i c s ,  may be c o n s i d e r e d  i n  two 
s t e p s ;  t h e  f i r s t  t h e  d e c o m p o s i t io n  o f  t h e  i n i t i a t o r  i n t o  two f r e e -  
r a d i c a l s ,  R* ;
I  — ' ' d -----) 2 E*-----------------------------( l )
and t h e  second t h e  a c t i v a t i o n  o f  a  monomer u n i t  by a d d i t i o n  to  form
th e  f i r s t  s t a g e  o f  t h e  r a d i c a l  c h a i n ,  ,
R' + M —  ^ Hv -------- — ( 2 )
Thus t h e  r a t e  o f  i n i t i a t i o n ,  v . , i s  g iv e n  by t h e  e x p r e s s i o n ;
^ --------------( 3 )
where [M*] i s  t h e  c o n c e n t r a t i o n  o f  f r e e - r a d i c a l s ,  [ l |  t h e  i n i t i a t o r
c o n c e n t r a t i o n  and f  r e p r e s e n t s  t h e  f r a c t i o n  o f  i n i t i a t o r  r a d i c a l s
which a re  s u c c e s s f u l  i n  i n i t i a t i n g  c h a in  grow th .
The s u c c e s s i v e  p r o p a g a t io n  s t e p s  may be e x p re s s e d ;
PL* + M _ ^ ^p   > M • \
\
Mg- + M —  p ------ > Mÿ <________
or  i n  g e n e r a l  + M —  p ------ ) ®x'+l j
Thus th e  r a t e  o f  p r o p a g a t i o n ,  v^ ,  i s  g iv en  by t h e  e x p r e s s i o n ;
^ p - - d - r ' ' ' = ' " p W W   ( 5 )
I t  i s  assumed t h a t  t h e  r a d i c a l  r e a c t i v i t y  i s  in d e p e n d e n t  o f  t h e
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c h a in  l e n g t h  th u s  a l l  t h e  p r o p a g a t io n  s t e p s  have th e  same r a t e  c o n s t a n t ,  
kp ,  and t h a t  t h e  r a t e  o f  p r o p a g a t io n  i s  e s s e n t i a l l y  t h e  same as  t h e  
o v e r a l l  r a t e  o f  d i s a p p e a r a n c e  o f  t h e  monomer s i n c e  t h e  number o f  monomer 
u n i t s  used  i n  e q u a t io n  (2 )  must be sm a l l  compared to  th o s e  used  i n  (4)* 
The two modes o f  t e r m i n a t i o n ,  namely,  c om bina t ion  and d i s p r o p o r t i o n ­
a t i o n  may be e x p re s s e d ;
— 4 + Py ) -------------- (6 )
where P i n d i c a t e s  t h e  f o r m a t io n  o f  polymer.
For  k i n e t i c  pu rpo ses  t h e  two p r o c e s s e s  a re  e q u i v a l e n t  and may,
t h e r e f o r e ,  be combined;
M‘ + M- - ^ t c  1 - t d —^t-^P  + P + P ---------( ? )X y  X  y  x + y
Thus th e  r a t e  o f  t e r m i n a t i o n ,  v_ ,^ i s  g iv en  by th e  e x p r e s s io n ;
=  - d f =  2k^[M.]^   (8 )
I t  i s  h e r e  assumed t h a t  t h e  c o n c e n t r a t i o n  o f  t h e  f r e e - r a d i c a l s ,  [M*] ,
becomes cons tan t  v e ry  e a r l y  i n  t h e  r e a c t i o n ,  i . e .  s t e a d y  s t a t e  c o n d i t i o n s
37f i r s t  p o s t u l a t e d  by B o d e n s te in  , e x i s t ,  
t h e r e f o r e ,  v ^ r tv ^  and 0
E q u a t in g  e q u a t i o n s  ( 3 ) and ( s ) ;
% dk
[M-] =
and s u b s t i t u t i n g  i n t o  e q u a t i o n  ( 5 j ;
i 1[ i ] T   ( 9 )
%_L ±2 [ m ] [ i ] 2   ( 1 0 )
Thus i t  can be s e en  t h a t  t h e  r a t e  o f  p o l y m e r i s a t i o n  i s  p r o p o r t i o n a l  
to  t h e  sq ua re  r o o t  o f  t h e  i n i t i a t o r  c o n c e n t r a t i o n  and p r o p o r t i o n a l  to  
t h e  monomer c o n c e n t r a t i o n  i n  th e  c a se  o f  h ig h  i n i t i a t o r  e f f i c i e n c y ,  i . e .  
when f  —> 1.
-  13 -
E x p er im e n ta l  o b s e r v a t i o n s  have confi rm ed t h e s e  r e s u l t s ;
a) r a t e  dependence  on ( i n i t i a t o r  c o n c e n t r a t i o n ) ^  28 ,58 ,39^
b ) r a t e  dependence  on monomer c o n c e n t r a t i o n ^ ® ' .
( i n  t h e  c a se  o f  low i n i t i a t o r  e f f i c i e n c y ,  f  m igh t  be p r o p o r t i o n a l  to  
[mJ i n  which c a s a  v^ would be p r o p o r t i o n a l  to> [M]^%
K i n e t i c  Chain  L e n g t h a n d  Degree o f  P o l y m e r i s a t i o n ,  DP.
The k i n e t i c  c h a in  l e n g t h  r e p r e s e n t s  t h e  av e rag e  number o f  monomer 
u n i t s  i n  a c h a i n ,  t h a t  i s  t h e  number o f  u n i t s  r e a c t i n g  w i th  one a c t i v e  
c e n t r e  from i t s  i n i t i a t i o n  to  i t s  t e r m i n a t i o n .  T h is  number i s  g iv en  by th e  
e x p r e s s io n ;
V *  zz V  / v .  o r  V  / v ,  s i n c e  v. =  v.p' 1 p' t  i t
Then from e q u a t io n s  ( b ) and ( 5 ) ;
(j“i j — — ( l l )[M-]
S u b s t i t u t i n g  f o r  [M*] from e q u a t io n  ( 9 ) ;
"  =  '   -
Thus i t  can be seen  t h a t  t h e  k i n e t i c  c h a in  l e n g t h  i s  i n v e r s e l y
p r o p o r t i o n a l  to  th e  sq u a re  r o o t  o f  th e  i n i t i a t o r  c o n c e n t r a t i o n .
The k i n e t i c  c h a in  l e n g t h  i s  r e l a t e d  to  t h e  d e g re e  o f  p o l y m e r i s a t i o n ;
f o r  t e r m i n a t i o n  by co m b in a t io n ,  DP- - 2v*, and by d i s p r o p o r t i o n a t i o n ,  DP-'^.
T h is  ha s  been  shown to be  e x a c t l y  t r u e  f o r  some c a s e s ,  b u t  © th e r  
sys tem s show wide; d e v i a t i o n s ,  i n d i c a t i n g  th e  f o r m a t io n  o f  a g r e a t e r  
number o f  polymer m o le c u le s  t h a n  p r e d i c t e d  from t h e  k i n e t i c  c h a i n  
l e n g t h ^ ^ ;  such d e v i a t i o n s  a r e  a s c r i b e d  to  c h a i n  t r a n s f e r  r e a c t i o n s .
-  14 ~
A d d i t io n  C o p o l y m é r i s a t i o n .
H i s t o r i c a l  I n t r o d u c t i o n .
C o p o ly m é r i s a t io n ,  t h a t  i s ,  t h e  s im u l ta n e o u s  p o l y m e r i s a t i o n  o f  two 
o r  more monomers, was n o t  i n v e s t i g a t e d  u n t i l  about I 9 I I  when copolymers 
o f  o l e f i n e s  and d i - o l e f i n e s  were found to  have r u b b e r y  p r o p e r t i e s ;  such 
copolymers  were o f t e n  found t o  h a v e  more d e s i r a b l e  p r o p e r t i e s  t h a n
t h o s e  o f  t h e  homopolymers. The i n d u s t r i a l  a p p l i c a t i o n s  o f  t h e s e  m a t e r i a l ;
42was f i r s t  a p p r e c i a t e d  by Baeyer  who p a t e n t e d  a method f o r  th e  
c o p o ly m e r i s a t i o n  o f  i s o p r e n e  and b u t a d i e n e .  The e a r l y  w orkers  i n  t h i s  
f i e l d  appeared  t o  be  more i n t e r e s t e d  i n  t h e  p r o p e r t i e s  o f  t h e s e  m a t e r i a l s  
t h a n  t h e i r  a s s o c i a t e d  k i n e t i c s  and i t  was n o t  u n t i l  t h e  1930 ' s  t h a t  
s e r i o u s  work on th e  s t r u c t u r e  and f o r m a t io n  o f  copolymers  was u n d e r ­
t a k e n .
S t a u d in g e r  and S o h n e id e r s ^ ^  f r a c t i o n a t e d  a sample o f  copolymer o f  
v i n y l  c h l o r i d e  and v i n y l  a c e t a t e ,  p r e p a r e d  from an e q u im o la r  m i x t u r e  
o f  t h e  two monomers, and found no f r a c t i o n  c o n t a i n i n g  a  1 ; 1 r a t i o  
o f  t h e  monomers, b u t  a l l  f r a c t i o n s  r i c h e r  i n  one o r  o t h e r  o f  t h e  
monomers.
A c r y l i c  e s t e r s  were found to  co p o ly m er i se  r e a d i l y  w i th  v i n y l  
c h l o r i d e  and to  e n t e r  t h e  copolymer a t  a g r e a t e r  r a t e  t h a n  th e  v i n y l  
c h l o r i d e ;  t h u s  th e  f i r s t  formed copolymer was r i c h e r  i n  t h e  a c r y l a t e  
and th e  l a t e r  formed copolym er ,  as  th e  a c r y l a t e  became u sed  up ,  r i c h e r  
i n  v i n y l  c h l o r i d e .  F i k e n t s c h e r  and H engs tenberg^^  found t h a t  t h i s  
change i n  th e  c o m p o s i t io n  o f  t h e  copolymer cou ld  be red u c ed  by t h e  
g r a d u a l  a d d i t i o n  o f  a c r y l a t e  monomer, t h e  more r e a c t i v e  monomer, 
th ro u g h o u t  t h e  p o l y m e r i s a t i o n .
-  15 -
During  t h i s  e a r l y  p e r i o d  i t  was found t h a t  c e r t a i n  s u b s t a n c e s
which i n  th em se lv e s  showed no ten d e n c y  to  homopolymerise  r e a d i l y
COpolymerised w i th  o t h e r  monomers. An example o f  t h i s  phenomenon i s
t h e  c o p o ly m e r i s a t i o n  of  s t y r e n e  w i th  m a le ic  a n h y d r id e ,  f i r s t  r e p o r t e d
45by Voss and D ic k h a u se r  . I t  was a l s o  found t h a t  copolymers cou ld  be 
formed i n  which n e i t h e r  o f  t h e  two component monomers i n  th e m se lv e s  
were c ap a b le  o f  h o m o p o ly m é r i s a t io n ,  an example o f  which was a f f o r d e d  
by Wagner-Jauregg^^ i n  t h e  c o p o ly m e r i s a t io n  o f  s t i l b e n e  and m a le i c  
a n h y d r id e .  The l a t t e r  example r e s u l t s  i n  a copolmer w i th  a s t r i c t l y  
a l t e r n a t i n g  sequence  o f  t h e  two monomers, no m a t t e r  which was i n  
e x c e s s  i n  t h e  r e a c t i o n  m ix tu re*
-  16 -
The Copolymer Composi t ion E q u a t i o n .
The f i r s t  a t t e m p t  to  e x p l a i n  t h e  mechanism o f  c o p o ly m e r i s a t i o n  was
47made i n  1936 by D o s ta l  . He assumed t h a t  th e  r a t e  o f  a d d i t i o n  o f  
monomer u n i t s  to  t h e  growing c h a in  was in d ep e n d en t  o f  t h e  l e n g t h  and 
o v e r a l l  co m p o s i t io n  o f  t h e  c h a i n  and dependent  o n ly  on th e  end group 
r a d i c a l .  Thus i n  t h e  p r o p a g a t i o n  s t e p  o f  t h e  c o p o ly m e r i s a t io n  o f  two 
monomers t h e r e  a r e  f o u r  competing  modes o f  a d d i t i o n  o f  th e  monomer 
u n i t s  to  t h e  c h a in  ends;
®i + M, — '^11 - 
k
— > Rate
+ Mg — * 1 2 - -----5 Rate ’■^12|®i][®2]
Mg. + ----^^21 - — > Rate
Mg. M g----^22 - — ) Rate kg2[M^] 1 Mgj
'—  (15)
I n  view o f  the: co m p lex i ty  o f  th e  sys tem ,  i . e .  f o u r  in d ep e n d en t  r a t e  
c o n s t a n t s  b e in g  i n v o lv e d ,  he made no a t t e m p t  to  t e s t  t h e  . .assumptions 
e x p e r i m e n t a l l y .
S e v e r a l  a t t e m p t s  were made t o  v e r i f y  D o s t a l ’ s w ork^^ '^^*^^  w i th o u t
y i e l d i n g  c o n c l u s i v e  e v id e n c e ,  b u t  i n  1944 t h r e e  g roups  o f  w orke rs
51 5^ 55i n d e p e n d e n t l y  d eve loped  t h e  "Copolymer c o m p o s i t io n  e q u a t i o n ” * 
u s i n g  D o s t a l ' s  r e a c t i o n  scheme and adding  to  h i s  a ssu m p t io ns  th e  
a ssum pt ion  t h a t  th e  s t e a d y  s t a t e  a p p l i e d  to  each  r a d i c a l  s e p a r a t e l y ,  
i . e .  the  c o n c e n t r a t i o n s  o f  and remained c o n s t a n t ;  t h u s  t h e  r a t e s  
o f  c o n v e r s io n  o f  Mj* to  M^* and to  a re  e q u a l ;
*^21 [ V j K j =  %12  (14)
The r a t e s  o f  d i s a p p e a r a n c e  o f  t h e  two monomers a r e  g iv en  by th e
17 —
e x p r e s s i o n s ;
=  k l l  + l ' 2 l L « 2 l l V i  ----------- (15 )
_ ^ 2] =  k^2 + ^^22  (15 )
The c o m p o s i t io n  o f  t h e  copolymer form ing  a t  any t im e  may be 
e x p re s s e d  as d ) / d j , which from e q u a t io n s  ( 14 ) ,  ( l 5 )  and ( l 6 ) ,  
and th e  i n t r o d u c t i o n  o f  two p a r a m e t e r s ,  r ^ —k ^ g /k ^ ^ ,
r e d u c e s  to  th e  e x p r e s s i o n ;
d!
d !> 2 j  r g f e j
( 17 )
which i s  known as  t h e  Copolymer c o m p o s i t io n  e q u a t i o n .
Monomer R e a c t i v i t y  R a t i o s •
The p a r a m e t e r s ,  r ^  and r ^ ,  a r e  known as th e  monomer r e a c t i v i t y  ' ‘ 
r a t i o s  and by d e f i n i t i o n  a r e  the; r a t i o s  o f  t h e  r a t e  c o n s t a n t s  f o r  a  
r a d i c a l  add ing  to  i t s  own monomer to  t h a t  f o r  i t s  a d d i t i o n  to  t h e  o t h e r  
monomer. Thus i f  r^ '^  1 t h e n  a r a d i c a l  c h a in  w i th  an end group -wil l  
a t t a c k  monomer i n  p r e f e r e n c e  to  Mg. T here  a r e  t h r e e  s p e c i a l  c a s e s  o f  
n o t e ;
1 ) r^r.rg- 'nrO
In  t h i s  c a se  each  r a d i c a l  ty pe  p r e f e r s  to  r e a c t  e x c l u s i v e l y  w i th  
t h e  o t h e r  monomer ty p e  t h u s  b u i l d i n g  up a copolymer w i th  s t r i c t l y  
a l t e r n a t i n g  u n i t s ,  r e g a r d l e s s  o f  t h e  co m p o s i t io n  o f  t h e  monomer m ix t u r e .
2 ) ^1
In  a system o f  t h i s  n a t u r e ,  ^ 2 2 " ^ 2 1 '  two r a d i c a l s
a r e  e q u a l l y  r e a c t i v e  w i t h  each monomer t y p e ,  t h u s  a  copolymer i s  formed 
w i th  a c o m p le te ly  random arrangem ent  o f  th e  two monomers.
M  18 —
5) r ^ )  1, r g )  1
I n  a system o f  t h i s  n a t u r e  each  r a d i c a l  c h a i n  would add to  a
monomer u n i t  o f  i t s  own t y p e ,  i . e  s im u l t a n e o u s  h o m o p o ly m ér isa t io n  o f
t h e  two monomers i n  t h e  same sys tem  would o c c u r .  There  i s ,  however,
no known c ase  o f  t h i s  phenomenon.
Most known c a s e s  l i e  be tween t h e : l i m i t s ;
— 19 “
S t r u c t u r e  and R e a c t i v i t y  o f  Monomers i n  P o l y t n e r i s a t i o n .
The chem ica l  s t r u c t u r e  o f  monomers a f f e c t s  t h e i r  b e h a v io u r  i n  
p o l y m e r i s a t i o n ,  which may be q u a l i t a t i v e l y  e x p la in e d  i n  te rm s  o f  
r e s o n a n c e ,  p o l a r  and s t e r i c  e f f e c t s .
Homonolymer i  s a t  i  o n .
The t e n d e n cy  o f  a  monomer t o  p o ly m e r is e  depends on th e  s u b s t i t u e n t s  
a t t a c h e d  to  t h e  doubly-bonded  ca rbon  atom; b o th  t h e  ty p e  o f  s u b s t i t u e n t s  
and t h e i r  p o s i t i o n s  o f  s u b s t i t u t i o n  a re  r e l e v a n t .  Replacement  o f  one o r  
b o th  hydrogen  atoms on one o f  t h e  ca rbon  atoms i n  e th y l e n e  by c h l o r i n e  
r e s u l t s  i n  an i n c r e a s e ,  i n  t h e  t e n d e n cy  o f  t h e  monomer to  p o ly m e r i s e ,  
whereas t h e  s y m m e t r i c a l l y  d i s u b s t i t u t e d  compound shows l i t t l e  o r  no 
ten dency  to  p o ly m e r i s e .  I n  g e n e r a l  i t  h a s  been  n o te d  t h a t  t h e  i n t r o ­
d u c t i o n  o f  e l e c t r o n - w i t h d r a w i n g  g roups  i n c r e a s e s  t h e  t e n d e n cy  to  
p o ly m e r i s e ,  and such s u b s t i t u e n t s  have been a r r a n g e d  i n  t h e  f o l l o w i n g  
o r d e r  o f  a c t i v a t i o n ;
— H alogens  ^  --GO^R y  — GH ^ — G^H^
Also i t  has  been found t h a t  an u n s u b s t i t u t e d  GH^ group i n  t h e  o l e f i n i c  
monomer i s  g e n e r a l l y  r e q u i r e d  to  p e rm i t  p o l y m e r i s a t i o n ;  a n o t h b l e  
e x c e p t i o n  b e in g  t e t r a f l u o r o e t h y l e n e  (and p o s s i b l y  o t h e r  compounds i n  
which hydrogen  i s  r e p l a c e d  by f l u o r i n e ) .
Such g e n e r a l i s a t i o n s  a r e  o n ly  q u a l i t a t i v e  i n  t h a t  th e  r e l a t i v e  
t e n d e n c i e s  to  p o l y m e r i s a t i o n  a re  measured u n d e r  comparable  c o n d i t i o n s  
which g iv e  a  compar ison  o f  t h e  o v e r a l l  r a t e ,  b u t  t h e  l a t t e r  co m p r ise s  
th e  p r o c e s s e s  o f  i n i t i a t i o n ,  p r o p a g a t io n  and t e r m i n a t i o n .  A t r u e  
comparison  would r e q u i r e  a knowledge o f  t h e  r a t e s  o f  th e  i n d i v i d u a l  
p r o c e s s e s .
-  20 -
The ease  o f  p o l y m e r i s a t i o n  o f  s t y r e n e  has  been  e x p la in e d  by t h e
s t a b i l i s a t i o n  p o s s i b l e  due to  t h e  qu inono id  re so n a n c e  s t r u c t u r e s ,
c . f .  page 6,  which may s t a b i l i s e  t h e  system to  t h e  e x t e n t  o f  20 K. c a l . /  
54mole . When th e  monomer c o n t a i n s  no u n s a t u r a t e d  group i n  c o n j u g a t i o n  
w i th  t h e  d o u b le -b o n d ,  f o r  example CHCl, t h e  o n ly  r e so n an c e
s t r u c t u r e s  a re  h i g h e r  e nergy  fo rm s ,  whereby th e  r a d i c a l  i s  s t a b i l i s e d  
to  th e  e x t e n t  o f  o n ly  1-2  K. c a l . / m o l e ^ ^ ;
H HI I
R -  G- > K— C H o rI 2 I
Cl Cl
S u b s t i t u e n t s  a l s o  t e n d  to  s t a b i l i s e  the; monomer i n  t h e  same manner
b u t  such re so n a n c e  s t r u c t u r e s  r e p r e s e n t  h i g h e r  en e rgy  s t a t e s  t h a n  found
i n  t h e  c o r r e s p o n d in g  r a d i c a l ,  f o r  example th e  r e s o n a n c e  s t a b i l i s a t i o n
i n  s t y r e n e  due to  c o n j u g a t i o n  i s  about  3 K. c a l . / m o l e .
55 56Marvel  and h i s  co -w orke rs  ' '  have i n v e s t i g a t e d  t h e  e f f e c t  o f  
s u b s t i t u t i o n  i n  t h e  s i d e - c h a i n  and t h e  a ro m a t ic  n u c l e u s  o f  s t y r e n e ,  and 
have conc luded ;
1) s u b s t i t u t i o n  i n  t h e  s i d e - c h a i n  a t  t h e  (X o r  p o s i t i o n  d e c r e a s e s  
t h e  r e a c t i v i t y  o r  i n h i b i t s  p o l y m e r i s a t i o n  a l t o g e t h e r ,  e .,g. ( X - c h lo r o -  
s t y r e n e ,  ^ - h r o m o s t y r e n e .
2 ) s u b s t i t u t i o n  i n  t h e  a ro m a t i c  n u c le u s  by C l ,  CN, o r  GO,^H i n c r e a s e s  
t h e  r e a c t i v i t y  whereas NO^ d e c r e a s e s  i t .  -
I t  i s  n o t  c l e a r  t o  what e x t e n t  such p o l y m e r i s a t i o n s  a re  i n f l u e n c e d  
by th e  o r i e n t a t i o n  o f  t h e  a ro m a t i c  n u c l e u s ,  t h u s ,  f o r  example, t h e  
i n t r o d u c t i o n  o f  one o r t h o - c h l o r i n e  atom i n t o  th e  a ro m a t ic  n u c l e u s  o f  
s t y r e n e  i n c r e a s e s  t h e  r e a c t i v i t y  o f  th e  monomer, b u t  th e  i n t r o d u c t i o n
-  21 -
o f  a second o r t h o - c h l o r i n e  atom m ark ed ly  re d u c e s  i t s  a c t i v i t y .  T his  h as  
been  a t t r i b u t e d  to  t h e  s t e r i c  h i n d r a n c e  between t h e  c h l o r i n e  atoms and 
t h e  s i d e - c h a i n ,  p r e v e n t i n g  th e  a ro m a t ic  n u c le u s  from l y i n g  i n  t h e  same 
p la n e  as t h e  s i d e - c h a i n .
C op olym erisa tion .
The r e l a t i v e  r e a c t i v i t y  o f  a  monomer towards  d i f f e r e n t  r a d i c a l s  may 
be d e r i v e d  from a knowledge o f  monomer r e a c t i v i t y  r a t i o s .  The r e c i p r o c o l  
o f  t h e  monomer r e a c t i v i t y  r a t i o  i s  a  measure  o f  t h e  r a t e  o f  r e a c t i o n  o f  
monomer w i th  a n o th e r  r a d i c a l  compared to  t h a t  w i th  i t s  o’t-m r a d i c a l ,  f o r  
conven ience  t h e  l a t t e r  i s  t a k e n  as u n i t y .
I t  becomes a p p a r e n t  t h a t  t h e  o r d e r  o f  r e a c t i v i t i e s  f o r  a g iv e n  ' 
s e r i e s  o f  monomers w i th  a g iv e n  r a d i c a l  does n o t  rem ain  th e  same i f  th e  
r a d i c a l  i s  changed.  T h is  i s  due to  t h e  f a c t  t h a t  r ^  i s  r a r e l y  e q u a l  to  
l / r ^ ,  t h e  d i f f e r e n c e ,  o f t e n  b e in g  v e r y  l a r g e .  However, i t  i s  e q u a l l y  
a p p a r e n t  t h a t  some monomers a r e  c o n s i s t e n t l y  more r e a c t i v e ,  t h a n  o t h e r s ,
e . g .  s t y r e n e  i s  more r e a c t i v e  t h a n  v i n y l  a c e t a t e .
54Mayo and W al l in g  have  l i s t e d  t h e  r e l a t i v e  r e a c t i v i t i e s  o f  some 
34 monomers w i th  a  s e r i e s  o f  r a d i c a l s  and drawn t h e  f o l l o w i n g  c o n c l u s i o n s  
from t h e i r  o b s e r v a t i o n s ;
1) t h e  e f f e c t s  o f  1 - s u b s t i t u e n t s  i n  e th y l e n e  i n  i n c r e a s i n g  t h e  r e a c t i v i t ;  
o f  monomers tow ards  a t t a c k i n g  r a d i c a l s  a re  i n  t h e  o r d e r ;
> -CHzzCHg )  - 0 0 OH^  )  -CN > -COg# )  - 0 1  >-OOOCH^) -  OR
2) th e  e f f e c t  o f  a  second 1 - s u b s t i t u e n t  i s  r o u g h l y  a d d i t i v e .
3 ) a 1 -m ethy l  group u s u a l l y  i n c r e a s e s  t h e  r e a c t i v i t y ;
methyl  m e t h a c r y l a t e  \  m ethy l  a c r y l a t e  
m e t h a c r y l o n i t r i l e  ^  a c r y l o n i t r i l e . .
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gome A spec ts  o f  t h e  R e a c t i o n s  o f  M acrom olecu le s .
Most o f  th e  i n d u s t r i a l l y - i m p o r t a n t  m acrom olecu les ,  because  o f  t h e
h ig h  s t a b i l i t i e s  r e q u i r e d  o f  them, e i t h e r  have no r e a c t i v e  groups
p r e s e n t ,  f o r  example , p o l y - ( e t h y l e n e ) ,  o r  have g roups  which r e a c t  o n ly
u n de r  r e l a t i v e l y  v ig o r o u s  c o n d i t i o n s ,  f o r  example , p o l y - ( s t y r e n e ) , and
p o l y - ( v i n y l  c h l o r i d e ) .  R e l a t i v e l y  few p o s s e s s  e a s i l y  r e a c t i n g  groups' ,
f o r  example, p o l y - ( v i n y l  a c e t a t e )  and p o l y - ( a c r y l i c  e s t e r s ) ,  b u t  t h e
widen ing  i n t e r e s t  i n  t h i s  sp h e re  has  l e d  to  t h e  p r e p a r a t i o n  and
r e a c t i o n s  o f  a l a r g e  number o f  new h ig h  po ly i ie rs  c o n t a i n i n g  r e a c t i v e
f u n c t i o n a l  g ro u p s .
T ra n s f o r m a t io n s  o f  such  r e a c t i v e  groups may r e a d i l y  be e f f e c t e d .
P o l y - ( v i n y l  a c e t a t e )  may be  h y d r o l y s e d  to  p o l y - ( v i n y l  a l c o h o l )  and t h e n
a c y l a t e d ;  p o l y - ( a c r y l i c  e s t e r s )  may be s a p o n i f i e d  and th e n  r e - e s t e r i f i e d .
P o l y - ( v i n y l  a l c o h o l )  may be r e a c t e d  w i th  c a rb o n y l  compounds to  g iv e
p o lym er ic  a c e t a l s .  S t a u d i n g e r  h a s  p re p a re d  a p o l y - ( v i n y l  a c e t y l a c e t a t e )
by r e a c t i n g  p o l y ^ ( v i n y l  a l c o h o l )  w i th  d i k e t e n  p ro d u c in g  an e x t r e m e ly
58r e a c t i v e  polymer.  Smets was a b le  to  app ly  th e  C u r t i u s  and Lossen 
r e a c t i o n s  t o  p o l y - ( a c r y l y l  c h l o r i d e )  p ro d u c in g  i n  each c a se  b u t y r o -  
lac tam  g ro u p s .  He a l s o  r e a c t e d  p o l y - ( v i n y l  c h l o r i d e )  w i th  benzene i n
th e  p r e s e n c e  o f  aluminium c h l o r i d e ;  a normal P r i e d e l - C r a f t s  r e a c t i o n
RQ 'r e s u l t e d  .
Macromolecules  w i t h  v e ry  r e a c t i v e  g ro u p s ,  f o r  example , p o l y - ( p r i m a r y  
am ines ) ,  p o ly ~ (a ld e h y d e s )  and p o l y - ( a c i d  c h l o r i d e s )  have r e c e i v e d  
l i t t l e  a t t e n t i o n  b e ca u se  t h e y  a r e  d i f f i c u l t  t o  p r e p a r e .  Arcus^^ has  . 
o b t a i n e d  a polymer c o n t a i n i n g  a  sm a l l  number o f  p r im ary  amin^. g ropps  ..by 
t h e  Hofmann r e a c t i o n  w i th  p o l y - ( m e t h a c r y l a m i d e ) . ■ ; • • •
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I t  has  been r e c o g n i s e d  t h a t  r e a c t i o n s  o f  m acrorao lecu les ,  owing to  
t h e  n a t u r e  o f  t h e  m o le cu le s  th e m s e lv e s ,  have t h e i r  l i m i t a t i o n s  and 
p e c u l i a r i t i e s .  I n  p e r fo rm in g  a t r a n s f o r m a t i o n  o f  a r e a c t i v e  group 
a t t a c h e d  to  a m ac ro m o lecu la r  su b s ta n c e  i t  i s  i m p o r t a n t  to  choose a 
r e a c t i o n  which p r o c e e d s ,  w i th  o l ig o m e r i c *  compounds, w i t h  a h ig h  o r ,  i f  
p o s s i b l e ,  t h e o r e t i c a l  y i e l d ;  o t h e r w i s e  th e  r e s u l t i n g  p ro d u c t  w i l l  i n  
f a c t  be a  copolymer o f  o r i g i n a l  and t r a n s fo r m e d  q n i t s ,  s i n c e  i n  t h i s  
ty p e  o f  r e a c t i o n  s e p a r a t i o n  o f  t h e  p r o d u c t  from t h e  s t a r t i n g  m a t e r i a l  
and any b y - p r o d u c t s  i s  im p o s s i b l e  owing to  t h e i r  common a t t a c h m e n t  to  
t h e  same po lym er ic  c h a i n .
High polymer r e a c t i o n s  a r e  u s u a l l y  accompanied by c o n t i n u o u s l y  
ch ang ing  s o l u b i l i t y  c h a r a c t e r i s t i c s  o f  th e  sys tem w i th  su b sequ en t  
e f f e c t s  on th e  r a t e  o f  r e a c t i o n ;  t h e  r a t e  g e n e r a l l y  i n c r e a s i n g  i f  t h e  
polymer d i s s o l v e s  as  th e  r e a c t i o n  p ro ce ed s  and d e c r e a s i n g  i f  p r e c i p i t ­
a t i o n  o f  th e  r e a c t i o n  p r o d u c t s  o c c u r s .  In  t h e  fo rm er  c a se  i t  i s  assumed 
t h a t  r e a c t i o n  t a k e s  p l a c e  v e r y  n e a r  to  th e  s u r f a c e  o f  th e  u n d i s s o l v e d  
p a r t i c l e s  and t h a t  as t h e  r e a c t i o n  p ro c e e d s  th e  p r o d u c t  s w e l l s  and 
s u b s e q u e n t ly  d i s s o l v e s ;  t h u s  t h e  r e a c t i o n  can go t o  c o m p le t io n .  The 
l a t t e r  c a se  t e n d s  t o  g iv e  i r r e g u l a r  s u b s t i t u t i o n ,  t h e  d i s t r i b u t i o n  o f  
t h e  s u b s t i t u e n t s  b e in g  dependen t  on t h e  d eg ree  o f  s w e l l i n g  o f  t h e  
polymer and th e  a c c e s s i b i l i t y  o f  th e  r e a c t i v e  g roups  to  t h e  r e a g e n t ;  
t h u s  t h e  c h o ic e  o f  s o l v e n t  i s  o f  prime im por tance  i n  such sy s te m s .
S t e r i c  e f f e c t s ,  d i s t i n c t  from t h o s e  e n c o u n te re d  i n  o l ig o m e r i c  
sy s te m s ,  a re  o f t e n  e v id e n t  i n  h ig h  polymer r e a c t i o n s .  These e f f e c t s ,
* O ligom er ic  has  been  used  th ro u g h o u t  to  d e s i g n a t e  sm a l l  m o le cu le s  
s i m i l a r  i n  s t r u c t u r e  to  t h e  r e p e a t i n g  u n i t  o f  t h e  po lymer .
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which t en d  t o  l i m i t  t h e  y i e l d  o f  th e  r e a c t i o n ,  a r e  due to  t h e  c o n d i t i o n s  
o f  c o i l i n g  o f  t h e  po ly m e r ic  c h a i n .  These i n  t u r n  a r e  due to  s p e c i f i c  
volume e f f e c t s  .of th e  s u b s t i t u e n t s  and t h e  c h a in  i t s e l f  o r  to  e l e c t r o ­
s t a t i c  c h a rg e s  b u i l t  up on t h e  m acrom olecu le .
Methods o f  s y n t h e s i s i n g  h ig h  po lymers  c o n t a i n i n g  r e a c t i v e  g r o u p s .
1) The f i r s t  method r e q u i r e s  th e  i n t r o d u c t i o n ,  by chem ica l  r e a c t i o n  
w i th  a p p r o p r i a t e  r e a g e n t s ,  o f  t h e  d e s i r e d  group i n t o  a n o n - r e a c t i v e  
po lymer ,  f o r  example ,  t h e  n i t r a t i o n  o r  s u l p h o n a t i o n  o f  p o l y - ( s t y r e n e ) ,  
o r ,  t h e  c h l o r o s u l p h o n a t i o n  o f  p o l y ~ ( e t h y l e n e ) . T h is  method i s  d i s a d v a n ­
ta g e o u s  i n  t h a t  th e  s u b s t i t u t i o n  u s u a l l y  o c c u r s  i n  a random manner 
a lo n g  th e  po ly m er ic  c h a i n s ,  and t h u s  t h e  c o n s t i t u t i o n  o f  th e  p ro d u c t
i s  n o t  a t  a l l  w e l l  d e f i n e d .  T h is  i s  w e l l  i l l u s t r a t e d  i n  t h e  p r e p a r a t i o n  
o f  p o l y - ( n i t r o s t y r e n e )  by n i t r a t i o n  o f  p o l y - ( s t y r e n e )  where s u b s t i t u t i o n  
i n  p o s i t i o n s  2 and 4 and 2 , 4 - d i s u b s t i t u t i o n  o c c u r ,  y i e l d i n g  n i t r o -  
po lym ers  i n  which t h e  r a t i o  o f  th e  numbers o f  n i t r o  g roups  to  benzene 
n u c l e i  v a r i e s  from 0 , 2  t o  1 .2  d ep en d ing  on t h e  method o f  n i t r a t i o n ^ ^ .
2 ) The second method r e q u i r e s  t h e  s y n t h e s i s  o f  t h e  monomer, c o n t a i n i n g
t h e  d e s i r e d  f u n c t i o n a l  g ro u p ,  fo l lo w e d  by i t s  p o l y m e r i s a t i o n ,  t h u s
p ro d u c in g  a r e g u l a r  h ig h  polymer o f  w e l l  d e f i n e d  s t r u c t u r e , . f o r  example',
6 ?p o l y - ( a c r y l y l  c h l o r i d e )  , T h is  method i s ,  however, l i m i t e d  i n  i t s  
a p p l i c a t i o n  by th e  f o l l o w i n g  f a c t o r s ;
a) i t  may n o t  be p o s s i b l e  to  s y n t h e s i s e  t h e  d e s i r e d  monomer, e . g . ,  
v in y la m in e  and v i n y l  a l c o h o l ^ ^ ' ^ ^ .
b)  t h e  monomer, c o n t a i n i n g  t h e  d e s i r e d  f u n c t i o n a l  g roup ,  may n o t  
p o ly m e r i s e .
c)  th e  f u n c t i o n a l  group may n o t  be s t a b l e  u n de r  t h e  c o n d i t i o n s  o f
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p o l y m e r i s a t i o n ,
3 ) The t h i r d  method,  d e s ig n ed  to  overcome th e  l i m i t a t i o n s  o f  method ( 2 ) ,  
e n t a i l s  th e  u se  o f  monomers i n  which th e  f u n c t i o n a l  group i s  c h e m ic a l ly  
p r o t e c t e d .  Examples o f  t h i s  a r e ,  v i n y l  a c e t a t e ,  N -v in y l  p h th a l im id e ^ ^ * ^ ^ ,  
N -v in y l  su c c in im id e  and v i n y l q u i n o l  d i a c e t a t e .  A f t e r  p o l y m e r i s a t i o n  o f  
such monomers th e  r e a c t i v e  groups may th e n  a g a in  be l i b e r a t e d .  Thus 
p o l y - ( v i n y l  a l c o h o l ) ,  p o l y - ( v in y l a m i n e )  and p o l y - ( v i n y l q u i n o l )  may be 
p r e p a r e d .  I t  i s ,  however, n o t  p o s s i b l e  i n  a l l  c a s e s  to  o b t a i n  
q u a n t i t a t i v e  l i b e r a t i o n  o f  t h e  p r o t e c t e d  g roups .
The s p e c i a l  c h a r a c t e r i s t i c s  o f  h ig h  polymer r e a c t i o n s  which a re  due 
to  th e  m acrom olecu lar  n a t u r e  o f  th e  po lym er ic  c h a in  o f t e n  become e v id e n t  
from a comparison o f  th e  k i n e t i c s  o f  th e  po lym er ic  sys tem w i th  th o s e  o f  
a comparable  o l ig o m e r ic  sys tem , o r  from s t r u c t u r a l  a n a l y s i s  o f  th e  
r e a c t i o n  p r o d u c t s ,  which may be used to  e s t a b l i s h  some r e l a t i o n s h i p  
between th e  i n t e r n  ail s t r u c t u r e  o f  t h e  h ig h  polymer and the  c o u rs e  o f  
t h e  r e a c t i o n .  In  g e n e r a l ,  m o n o fu nc t ion a l*  r e a c t i o n s  fo l lo w  t h e  same 
c o u r s e  as t h a t  o f  t h e  comparable  o l ig o m e r i c  system whereas m u l t i ­
f u n c t i o n a l *  r e a c t i o n s  o f t e n  show g r e a t  d i f f e r e n c e s  and i n  some c a se s  
r e a c t i o n s  which proceed  i n  t h e  o l ig o m e r i c  system a re  n o t  p o s s i b l e  i n  
th e  h ig h  polymer sys tem .  An example o f  t h i s  phenomenon w i l l  be d i s c u s s e d  
l a t e r .
* M onofunc t iona l  r e a c t i o n p e f e r s  to  r e a c t i o n  o f  th e  f u n c t i o n a l  g roups  o f  
a macromolecule  i n  which g roups  p a r t i c i p a t e  as i n d i v i d u a l s ,  f o r  example, 
th e  r e d u c t i o n  o f  p o l y - ( p - n i t r o s t y r e n e ) ;
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M u l t i f u n c t i o n a l  r e a c t i o n  i m p l i e s  e i t h e r  t h e  p a r t i c i p a t i o n  o f  more 
th a n  one f u n c t i o n a l  g roup  i n  a r e a c t i o n ,  o r  t h e  ten d e n c y  f o r  i n t r a ­
m o le c u la r  r e a c t i o n s  to  be more im p o r t a n t  t h a n  i n t e r m o l e c u l a r  r e a c t i o n s ;  
t h e  Cannizzaro  r e a c t i o n  on p o l y - ( m e t h a c r o l e i n )  i s  a b i f u n c t i o n a l  
r e a c t i o n . w h i c h  r e q u i r e s  r e a c t i o n  o f  t h e  a ldehyde  g roups  i n  p a i r s ;
Me Me Me;; Me Me Me Me MeI I I  I  t i l l~-C H o - C - C H ; 5 - C - C H 5 - C - C H x- C - C H -  - 4  - C H — C - O H ^ C - - C H  — C - C H ^ - C - C H —^ I I ^  I d.. I c, d \ I t- I c. \
GHO CHO CHO CHO CH^OH 0 0 gH CH^OH 0 0
A r e a c t i o n  o f  t h i s  ty p e  i s  l i m i t e d ,  on t h e o r e t i c a l  g rounds ,  i n  t h e  
e x t e n t  to  which i t  can o c c u r ;  t h i s  w i l l  be d i s c u s s e d  l a t e r ,  '
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Comparative  K i n e t i c s ,
G e n e r a l l y ,  a  m o n o fu n c t io n a l  r e a c t i o n  h a s  s i m i l a r  k i n e t i c s  f o r  b o th  
s m a l l  m o le c u le s  and m a c ro m o le c u le s , and t h i s  i s  d i s t u r b e d  o n ly  i f  t h e  
e l e c t r i c a l  p o t e n t i a l  o f  t h e  m acromolecu le  i s  i n c r e a s e d  d u r i n g  t h e  
r e a c t i o n  a n d /o r  i f  t h e  shape  o f  t h e  m acromolecule  ch an g e s .  Where m u l t i ­
f u n c t i o n a l  r e a c t i o n s  a re  conce rned  t h e  d i f f e r e n c e s  be tween sm a l l  and 
p o ly m er ic  m o le c u le s  become im p o r t a n t  owing to  t h e  i n c r e a s i n g  t e n d e n cy  
f o r  i n t r a m o l e c u l a r  r a t h e r  t h a n  i n t e r m o l e c u l a r  r e a c t i o n s  to  o c c u r ,  and 
these-  i n t r a m o l e c u l a r  r e a c t i o n s  are. n e c e s s a r i l y  governed  by t h e  i n t e r n a l  
s t r u c t u r e  and t a c t i c i t y ,  i . e . ,  s t e r e o r e g u l a r i t y  o f  t h e  polymer .
These sm a l l  d i f f e r e n c e s  i n  m o n o fu n c t io n a l  sys tem s  may o f t e n  be  
a cc o u n ted  f o r  by s t e r i c  and s o l v a t i o n  e f f e c t s  o f  t h e  polymer c h a i n s .  
T ab le  ( I ) shows r e s u l t s  o b t a i n e d  f o r  t h i s  type  o f  sys tem ;
Tab le  ( l )
Compound -1Ea K. c a l , / m o l e
1 a C e l l u l o s e  ( p r i m a r y  OH groups 1 0 .3  ) a c é t y l a t i o n
) a c i db Methanol 1 0 .2  ) c a t a l y s e d
2 a P o l y - ( N - v i n y l  p y r r o l i d o n e ) ^ ^ 25 ± 1 )
) h y d r o l y s i s
b N - i s o p r o p y l - 2 - m e t h y l  p y r r o l i d o n e 27 -1 0 . 5  )
In  t h e  c a se  o f  ( 2 ) ,  t h e  e l e c t r i c a l  c h a rg e s  formed on h y d r o l y s i s  o f  
the  polymer have l i t t l e  e f f e c t  owing to  th e  s e p a r a t i o n  o f  t h e  c a r b o x y l  
g roups  and t h e  n e ig h b o u r i n g  l a c ta m  groups  (8  a toms) and t h e ' s e p a r a t i o n  
o f  t h e  c a rb o x y l  g roups  i s  too  g r e a t  to  a f f e c t  t h e  shape, o f  t h e / m o l e c u l e ;
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In  t h e  a l k a l i n e  h y d r o l y s i s  o f  p o ly - ( m e th a c r y l a m id e ) ^ ^ * ^ ^ ,  i n  which 
t h e  number o f  m ethyl  g roups  a s s u r e s  a s t r e t c h e d  form o f  t h e  c h a i n s ,  t h e  
i n t r i n s i c  v e l o c i t y  o f  t h e  r e a c t i o n  can o n ly  be d e te rm in e d  f o r  low 
c o n v e r s io n s  and i s ' s i m i l a r  t o  t h a t  o f  t r i m e t h y l a c e t amide.  The r e a c t i o n ,  
however,  s lows down p r o g r e s s i v e l y  and i s  l i m i t e d  to  about  lOfo on accoun t  
o f  e l e c t r o s t a t i c  r é p u l s i o n  tow ards  t h e  hydroxy l  g roups  and hydrogen  
bonding^^ which a f f o r d  p r o t e c t i o n  to  th e  amide g roups  by t h e  f o r m a t io n
o f  s t r u c t u r e s  o f  t h e  t y p e ;
a) i n  a s i n g l e  c h a in
Me Me Me
-CH^ C - G H ^ - C -  C H ^ O - C H g
b) between two c h a in s  
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H y d r o ly s i s  o f  copolymers  o f  m e t h a c r y l i c  a c i d  and m ethy l  m e t h a c r y l a t e ,  
w i th  v a r y i n g  a c id  c o n t e n t s ,  show s i m i l a r  r e s u l t s  w i th  a l i m i t i n g  v a lu e  
o f  about 85/ '  r e a c t i o n  .
The h y d r o l y s i s  o f  p o l y - ( a c r y l a m i d e ) d i f f e r s  i n  t h a t  i t  p ro c e e d s  i n  
two d i s t i n c t ,  s t e p s ,  t h e  f i r s t ,  which p ro ceed s  a b o u t  t e n . t i m e s  f a s t e r ‘
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t h a n  th e  second ,  c o v e r i n g  4 0 - 5 0 /  c o n v e r s io n ;  a t  t h i s  p o i n t  t h e
accumulat ion,  o f  e l e c t r i c a l  c h a rg e s  c o n v e r t s  t h e  c o i l e d  c h a in s  i n t o  a
;s t r e t c h e d  form.
In  these ,  examples ,  o f  m o n o fu n c t io n a l  r e a c t i o n s ,  t h e  r e a c t i o n
mechanisms a re  e s s e n t i a l l y  t h e  same as  th o s e  f o r  the= c o r r e s p o n d in g
o l ig o m e r i c  sy s te m s ,  bu t  s p e c i f i c  m acrom olecu la r  f a c t o r s  a l s o  o p e r a t e .
The d i f f e r e n c e s  i n  r a t e s  which a r i s e  w i th  m u l t i f u n c t i o n a l  r e a c t i o n s
have  been  i l l u s t r a t e d  by Morawetz^^;  he found t h a t  t h e  i n t r o d u c t i o n  o f
some m e t h a c r y l i c - p - n i t r a n i l i d e  groups i n t o  a p o lym er ic  a c id  s t a b i l i s e d
t h e s e  groups to  h y d r o l y s i s  by N-sbdium hy drox ide  s o l u t i o n ;  th e  r a t e  was
about  1000 t im e s  l e s s  t h a n  t h a t  o f  t h e  comparable  t r i m e t h y l a c e t i c  and
g l u t a r i c  p - n i t r a n i l i d e s . T h is  he a t t r i b u t e d  m a in ly  t o  h y d r o g e n .bonding
between th e  amide and a c id  g roups ;
Me
i
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T his  e x p l a n a t i o n  was su p p o r te d  by th e  f a c t  t h a t  a d d i t i o n  o f  barium 
i o n s ,  which would c h e l a t e  w i th  t h e  c a rb o x y l  g roups  and th u s  l i b e r a t e  
t h e  a n i l i d e ,  i n c r e a s e s  t h e  r a t e  o f  h y d r o l y s i s .
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S t r u c t u r a l .
From a s t r u c t u r a l  v ie w p o in t  s i m i l a r  o b s e r v a t i o n s  have been made. I n
t h e  c ase  o f  m o n o fu n c t io n a l  r e a c t i o n s ,  chem ica l  t r a n s f o r m a t i o n s  have been
shown to  p ro ceed  i n  an i d e n t i c a l  manner to  th o s e  o f  o l ig o m e r i c  sys tem s
■ 70s u b j e c t e d  to  th e  same r e a c t i o n s .  Kern,  S c h u l t z  and co -w o rk e rs  have 
d e s c r i b e d  t r a n s f o r m a t i o n s  o f  p o l y - ( a c r y l i c  e s t e r s )  i n t o  po ly - (hydroxa ra ic
a c i d s ) ,  p o l y - ( h y d r a z i d e s ) , p o l y - ( h y d r a z o n e s ) from t h e s e  l a s t ,  and
71 72—74r e l a t e d  azo dyes and o f  p o l y - ( a c r o l e i n )  i n t o  v a r i o u s  d e r i v a t i v e s  ~
The phenomenon o f  a l i m i t i n g  y i e l d  which i s  e n co u n te re d  i n  many
75m u l t i f u n c t i o n a l  r e a c t i o n s  has  been  i n t e r p r e t e d  s t a t i s t i c a l l y  by F l o r y  •
He h as  performed c a l c u l a t i o n s  f o r  a b i f u n c t i o n a l  system on th e
assum pt ion  t h a t  t h e  a c c e s s i b i l i t y  o f  a l l  t h e  f u n c t i o n a l  g roups  i s
e q u i v a l e n t  and c o n s t a n t . t h r o u g h o u t  t h e  r e a c t i o n .  H is  i n t e r p r e t a t i o n
shows t h a t  th e  d e g r e e  o f  c o n v e r s io n ,  by th e  r e a c t i o n  o f  f u n c t i o n a l
g roups  i n  a d j a c e n t  p a i r s  may be l i m i t e d  i n  a manner dependent  on t h e
s t r u c t u r e  o f  th e  po lym er .  For  s t r u c t u r e s  o f  th e  r e g u l a r  head to  t a i l
ty p e  ( — CH~CHX—CH^— CHX— ) and o f  th e  random t y p e ,  th e  p e r c e n t a g e s
o f  f u n c t i o n a l  groups  which become i s o l a t e d  and t h e r e f o r e  u n a b le  to
r e a c t ,  on p u r e l y  s t a t i s t i c a l  g rou n ds ,  a re  13*53 and 1 8 . 4 0 /  r e s p e c t i v e l y .
Only w i th  t h e  r e g u l a r  head to  h e ad ,  t a i l  to  t a i l  s t r u c t u r e s
( C H ^  CHX*“  CHX-’ CHg— ) ,  where a l l  t h e  f u n c t i o n a l  g roups  a r e  i n  p a i r s ,
on a d j a c e n t  carbon  atoms by v i r t u e  o f  th e  i n t e r n a l  s t r u c t u r e  o f  th e
polymer,  i s  1 0 0 /  c o n v e r s io n  p o s s i b l e ,  even though  t h e  o l ig o m e r i c
system may a f f o r d  1 0 0 /  c o n v e r s i o n .  E x p er im en ta l  e v id e n ce  i n  su p p o r t
76o f  these ,  c a l c u l a t i o n s  h a s  been  p ro v id e d  by Marvel  and Levesque . who 
found t h a t  t h e  s e l f - c o n d e n s a t i o n  o f  p o l y - ( m e th y l  v i n y l  k e to n e )  was
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l i m i t e d  t o  79-85^  r e a c t i o n  o f  t h e  c a rb o n y l  g ro u ps ;
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77and Marvel  and Sample  who found t h a t  t h e  removal  o f  h a lo g e n  atoms by 
z in c  d u s t  from p o l y - ( v i n y l  c h l o r i d e )  was l i m i t e d  to  8 4 - 8 6 /  rem ova l;
OHL CH,. .CH, CH, /CH,. ,CH_ ,CH, ^CH,
N  A  A  A  \  A  /  A  /  N  /  A  /CH CH CH CH CH------------ CH CH  --------  CH
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As p r e v i o u s l y  s t a t e d ,  t h e  e f f e c t  o f  i n t r a m o l e c u l a r  i n t e r a c t i o n s  i n  
h ig h  polymer r e a c t i o n s  can a l t e r  t h e  ex p ec ted  c o u rs e  o f  r e a c t i o n .  An 
example o f  t h i s  phenomenon i s  g iv e n  i n  t h e  A r n d t - E i s t e r t  d iazom ethane  
r e a c t i o n  on p o l y - ( m e t h a o r y l y l  c h l o r i d e ) '  where t h e  f o l l o w in g  r e a c t i o n s  
would be e x pec ted  from a knowledge o f  th e  o l ig o m e r i c  sys tem s;
Me Me: Me Me
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p ro ceeds  th u s  ;
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The- Diazonium Decom posi t ion  R e a c t i o n .
I n t r o d u c t i o n  to  t h e  D i a z o t i s a t i o n  R e a c t i o n .
79 'The d i a z o t i s a t i o n  r e a c t i o n  was d i s c o v e r e d  by G r i e s s  i n  1858 
d u r in g  an i n v e s t i g a t i o n  on th e  r e a c t i o n s  o f  n i t r o u s  a c id  w i th  a ro m a t ic  
amines .  Some knowledge o f  such  r e a c t i o n s  a l r e a d y  e x i s t e d  a t  t h a t  t im e ,  
f o r  example, t h e  c o n v e r s io n  o f ,a m in o b e n z o ic  a c i d  t o  hydroxybenzo ic  a c id  
by t h e  a c t i o n  o f  a  warm aqueous s o l u t i o n  o f  n i t r o u s  a c i d .  G r ieS s  i n  
a t t e m p t in g  to  e f f e c t  a  s i m i l a r  r e p la c e m e n t  i n  p ic ra m ic  a c id  a l t e r e d  
h i s  r e a c t i o n  c o n d i t i o n s  by u s i n g  n i t r o u s  a c id  i n  a  c o ld  a l c o h o l i c  
s o l u t i o n  and th u s  o b t a i n e d  what he r e c o g n i s e d  as a new c l a s s  of,compound 
i n  a c r y s t a l l i n e :  state"^';
OH O'
2
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The e x i s t e n c e  o f  d iazonium  s a l t s ,  i n  th e  s e r i e s  o f  a ro m a t ic  p r im a ry
amines, ha s  been acco u n ted  f o r  by re s o n a n c e  s t a b i l i s a t i o n :  resonance,  
i n v o l v i n g  t h e  d iazonium group and t h e  a rom a t ic  n u c l e u s ,  o f  t h e  ty p e  
shown below, s t a b i l i s e s  t h e  system to  such an e x t e n t  t h a t  t h e  diazonium 
s a l t  i s  i s o l a b l e ;  whereas i n  th e  s a t u r a t e d  a l i p h a t i c  s e r i e s  no re s o n a n c e  
can o c cu r  and th e  d iazonium  group has  o n ly  a s h o r t  e x i s t e n c e  b e f o r e  
r e p l a c e m e n t ;
T h is  compound i s  n o t  r e g a r d e d  as a  t r u e  d iazon ium  s a l t ,  b u t  i s  o f  th e  
d i a z o - o x id e  g roup ,  owing t o  th e  i n t e r a c t i o n  between t h e  d ia z o  group and 
t h e  o r th o  hydroxy group l e a d i n g  to  th e  e l i m i n a t i o n  o f  a m o lecu le  o f  a c id  
o r  w a te r .
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The d iazonium s a l t s  o f  u n s a t u r a t e d  a l i p h a t i c  amines ,  i n  which 
re s o n a n c e  may be p o s s i b l e ,  have n o t  been p r e p a r e d ,  owing to  th e  
i n s t a b i l i t y  o f  such amines th e m s e lv e s .
Innum erab le  examples  o f  th e  d i a z o t i s a t i o n  r e a c t i o n  have s i n c e  been  
r e p o r t e d  and on ly  v e ry  few a ro m a t i c  àmines have proved  r e s i s t a n t  to  th e  
r e a c t i o n .  Such f a i l u r e s  a r e  a t t r i b u t e d  to  o t h e r  r e a c t i o n s ,  namely, 
o x i d a t i o n  by th e  n i t r o u s  a c id  o r  th e  f o rm a t io n  o f  s t a b l e  n i t r o s o  
compounds, t a k i n g  p r e f e r e n c e .
The methods o f  d i a z o t i s a t i o n  a re  a l s o  numerous b u t  a re  b ased  on th e
v a r i o u s  b a s i c i t i e s  o f  t h e  amines ,  t h e  sou rce  o f  t h e  n i t r o u s  a c i d  and
w h e the r  o r  n o t  t h e  d iazonium  s a l t  i s  r e q u i r e d  i n  t h e  s o l i d  s t a t e .  The
80most g e n e r a l  method,  known as t h e  " D i r e c t  Method" , i s  used  f o r  amines 
which a re  s o l u b l e  i n  aqueous m in e r a l  a c i d s  and e n t a i l s  t h e  a d d i t i o n  o f  
a c o ld  aqueous s o l u t i o n  o f  sodium n i t r i t e  to  a c o ld  s o l u t i o n  ( 0 - 5 ° )  o f  
t h e  amine i n  m in e r a l  a c id ;
, ArNH^ + 2HX + NaHO, ) ArN^X + NaX + 2H^0
The mechanism o f  t h e  d i a z o t i s a t i o n  r e a c t i o n  has  been  e x t e n s i v e l y
81 8? 6"2rev iew ed  and i n v e s t i g a t e d  by Hughes, In g o ld  and Ridd ' ' ' .  These
i n v e s t i g a t o r s  have found t h a t  t h e  r e a c t i o n  i s  e s s e n t i a l l y  one o f  t h e  
f o r m a t io n  o f  a p r im a ry  n i t r o s a m i n e  w i th  i t s  su b seq u e n t  r e a r r a n g e m e n t  to  
form a d iazonium i o n .  They have p roposed  a  scheme o f  r e a c t i o n  mechanisms, 
shown below, f o r  th e  d i a z o t i s a t i o n  r e a c t i o n  i n  weakly a c i d i c  media  to  
co ve r  t h e  p o s s i b l e  modes o f  r e a c t i o n ,  With t h i s  scheme t h e y  h av e  been
-  54 -
a b le  to e x p l a i n  some a p p a r e n t  anom alies  i n  th e  l i t e r a t u r e  c o n c e rn in g  
t h e  mechanism o f  t h e  r e a c t i o n ;
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The c o u rse  o f  t h e  n i t r o s a t i o n  s t a g e  i s  dependen t  on t h e  b a s i c i t y  o f  
t h e  amine.; n i t r o s a t i o n  by n i t r o u s  an h yd r id e  (N^O^) i s  p redom inan t  w i th  
amines o f  b a s i c i t y  comparable  to  t h a t  o f  a n i l i n e  whereas th e  n i t r o u s -  
acid ium io n  (H^NO^) i s  more im p o r t a n t  w i th  amines o f  b a s i c i t y  s i m i l a r ’ 
to  t h a t  o f  ^ - n i t r o a n i l i n e . In  d i l u t e  a c i d i c  s o l u t i o n  no n i t r o s a t i o n  by 
the: n i t r o s o n iu m  i o n  (NO^) has  been o b se rv e d ,  however,  i n  s t r o n g l y  a c i d i c  
s o l u t i o n  (/^60/ H^SO^ and 6 o /  HCIO^) s p e c t r o s c o p i c  s t u d i e s  have shown t h a t  
t h e  n i t r o u s  a c id  i s  p r e s e n t  as t h e  s a l t ,  N0*H80^, and k i n e t i c  s t u d i e s  * 
w i th  a n i l i n e  have shown t h e - : n i t r o s a t i n g  ag en t  to  be t h e  n i t r o s o n iu m  io n .
Thus i n  weakly a c i d i c  s o l u t i o n s ,  o f  p e r c h l o r i c  a c i d ,  t h e  d i a z o t i s ­
a t i o n  o f  a n i l i n e  h a s  been  shown to  p o s s e s s  t h e  k i n e t i c ; f o r m ;
R a te  =  k[HHO„]^ -------- — (18)
I t  h a s  been i n f e r r e d  t h a t  t h i s  shou ld  be t h e  main form i n  comparable
s o l u t i o n s  o f  h y d r o c h l o r i c  a c i d ,  whence th e  fo r m a t io n  o f  n i t r o u s  
an hy d r id e  i s  concluded  to  be t h e  r a t e - d e t e r m i n i n g  s t e p  o f  th e  r e a c t i o n ;
. 2HN0g NgO- + HgO
T h is  has  been s u p p o r te d  by th e  e x p e r im e n ts  o f  Bunton,  L le w e l ly n  
and Steadman who have s t u d i e d  t h e  r a t e s . o f  f o r m a t io n  and h y d r o l y s i s  o f  •
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n i t r o u s  anhydr ide  i n  w a te r ,  e n r i c h e d  w i th  i s o t o p i c  oxygen, They
found t h a t  th e  o n ly  p l a u s i b l e  scheme f o r  t h i s  exchange was^^;
2HH0„ HgNOg + HO" ( f a s t )
HgHOg + NO" . NgO + HgO
HgO + Hg^^O ^  HHOg + HH0^®0
The exchange o f  an ^^0 atom between th e  w a te r  and one m olecu le  o f  t h e
n i t r o u s  a c id  gave a v a lu e  f o r  t h e  r a t e  o f  f o r m a t io n  o f  n i t r o u s  a n h y d r id e
which ag reed  w e l l  w i th  t h e  r a t e  o f  d i a z o t i s a t i o n .  The k i n e t i c  form o f
th e  exchange a l s o  f i t s  e q u a t io n  ( l 8 ) .
Decom posi t ion  o f  Diazonium S a l t s .
Diazonium s a l t s ,  i n  g e n e r a l ,  a re  u n s t a b l e  i n  t h e  s o l i d  s t a t e  when
70d ry ,  many e x p l o s i v e l y  so ,  as f i r s t  e x p e r i e n c e d  by G r i e s s ' ^ .  The a n io n  
and s u b s t i t u e n t s  i n  th e  a ro m a t ic  n u c le u s  have a c o n s i d e r a b l e  e f f e c t  on 
t h e  e x p l o s i b i l i t y  o f  a  g iv e n  d iazonium  s a l t .  The c h l o r i d e  and s u l p h a t e  
a r e  u s u a l l y  more s t a b l e  t h a n  t h e  n i t r a t e  and t h e  i n t r o d u c t i o n  o f  n i t r o  
g roups  i n t o  th e  n u c le u s  i n c r e a s e s  t h e  e x p lo s iv e  n a t u r e  o f  th e  s a l t .  
Decom posi t ion  o f  d iazonium s a l t s  i n  s o l u t i o n  can p ro ceed  s t e a d i l y  
over  a rang e  o f  t e m p e r a t u r e s ,  and many i n v e s t i g a t o r s  have s t u d i e d  t h i s  
p r o c e s s  i n  aqueous s o l u t i o n  i n  o r d e r  to  e l u c i d a t e  t h e  n a t u r e  o f  t h e  
r e a c t i o n ,  and a l s o  t h e  e f f e c t  o f  s u b s t i t u e n t s ,  by compar ison  o f  t h e  
r e l a t i v e  s t a b i l i t i e s  o f  numerous d iazonium s a l t s .  '
E a r l y  workers  i n  t h i s  f i e l d  were Oddo^^*^^ and H i r s c h ^ ^  b u t  th e
f i r s t  e x a c t  measurements  o f  the. r a t e s  o f  de co m p o s i t io n  o f  s o l u t i o n s  o f
88  39diazonium  s a l t s  were made by H au sse r  and M u l le r  fo l lo w e d  by H an tz sc h  ,
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E u le r^^  and Gain and N i c o l l ^ ^
These workers  showed t h a t  th e  d eco m p o s i t io n  i n  aqueous a c i d i c  
s o l u t i o n  f o l lo w s  a f i r s t  o r d e r  r e a c t i o n  law;
k  = i  I n .  ( - S - ) ------------------- ------------( 1 9 )
where k  i s  a c o n s t a n t ,  t  i s  t im e  and a t h e  i n i t i a l  c o n c e n t r a t i o n .
H au sse r  and M u lle r  fo l lo w e d  t h e  d eco m p o s i t io n  by m ea su r in g  th e  
volume o f  n i t r o g e n  evo lved  a t  i n t e r v a l s  o f  t ime and found t h a t  t h e  
v a lu e  o f  t h e  c o n s t a n t  k d im in i sh e d  as th e  r e a c t i o n  p ro ceeded ,  
n e v e r t h e l e s s  b e in g  s u f f i c i e n t l y  c o n s t a n t , t o  i n d i c a t e  t h e  u n i m o l e c u l a r i t y  
o f  the  r e a c t i o n .  T his  was f u r t h e r  su p p o r te d  by t h e  o b s e r v a t i o n  t h a t  th e  
i n i t i a l  c o n c e n t r a t i o n  had no e f f e c t  on th e  m agni tude  o f  k .  They 
su g g e s te d  t h a t ,  i n  t h e  c a se  o f  benzenediazonium  c h l o r i d e ,  t h e  d e c r e a s e  
i n  th e  r a t e  o f  th e  r e a c t i o n  w i th  t im e  was due to  a s p e c i f i c  r e t a r d i n g  
e f f e c t  o f  t h e  pheno l  formed d u r i n g  th e  d e c o m p o s i t io n ,
H an tzsch  performed a s e r i e s  o f  e x p e r im en ts  a t  25° on th e  same l i n e s
as above,  and a l s o  by t i t r a t i n g  th e  a c id  l i b e r a t e d  d u r i n g  th e  
d eco m p o s i t io n  a g a i n s t  s t a n d a r d  a l k a l i ,  and found k to  be c o n s t a n t  
th ro u g h o u t  th e  d e c o m p o s i t io n .  He s u g g e s te d  t h a t  t h e  d i f f e r e n c e  between . 
h i s  f i n d i n g s  a t  25° and t h o s e  o f  H au sse r  and M u l le r  a t  40 -6 0 ° ,  was 
p ro b a b ly  due to  se co n d a ry  r e a c t i o n  o c c u r in g  i n  t h e  h i g h e r  t e m p e r a tu r e  . 
r a n g e .
Gain and N i c o l l  r e p e a t e d  t h i s  work f o r  a ran g e  o f  d iazonium 
compounds from th e  benzene  and n a p h th a le n e  s e r i e s  ove r  th e  t e m p e r a tu re  
range  20-60° to  d e te rm in e  th e  t e m p e r a tu r e  a t  which t h e  seco n da ry  . 
r e a c t i o n ,  su g g e s te d  by H a n tz sc h ,  b e g in s  to  t a k e  e f f e c t .  T h e i r  r e s u l t s  
showed t h a t  k was c o n s t a n t  f o r  each t e m p e r a tu re  a t  which th e y  s t u d i e d
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t h e  d e c o m p o s i t io n .  They found t h a t ,  f o r  c e r t a i n  compounds o f  th e
n a p h th a le n e  s e r i e s ,  too  h ig h  a c o n c e n t r a t i o n  o f  t h e  d iazonium s a l t  ■
caused  c o u p l in g  between th e  n a p h th o l  formed d u r i n g  t h e  de co m p o s i t io n
and t h e  undecomposed s a l t .
E u le r  checked ,  e x p e r i m e n t a l l y ,  t h e  v a l u e s  o b t a i n e d  by Cain and
N i c o l l  and found good agreem ent .  He f u r t h e r  i n v e s t i g a t e d  th e  p o s s i b l e
e f f e c t  o f  e x ce ss  h y d r o c h l o r i c  a c i d  on th e  d e c o m p o s i t io n ,  f i n d i n g  t h a t
92i t  had none .  T h is  o b s e r v a t i o n  was su p p o r te d  by Cain ' , i n  a n o th e r
i n v e s t i g a t i o n ,  b u t  he found t h a t  t h e  p re s e n c e  o f  e x c e s s  s u l p h u r i c  a c id
i n c r e a s e d  th e  s t a b i l i t y  o f  t h e  d iazonium compound, i . e .  t h e  v a lu e s  o f
t h e  r a t e  c o n s t a n t  were low e re d .  T h is  he a t t r i b u t e d  to  t h e  d e h y d r a t in g
95e f f e c t  o f  t h e  a c i d .  H agger ty  end Hadler""  o f f e r  th e  same e x p l a n a t i o n  
f o r  t h e i r  o b s e r v a t i o n s  i n  t h e  p re s e n c e  o f  a 15 ; 1 m ola r  r a t i o  o f  
s u l p h u r i c  a c id  t o  benzened iazon ium  c h l o r i d e .  T h e i r  r e s u l t s  a re  shown, 
i n  T ab le  ( l l ) ;
Table  ( l l )  .
5 -1  k X 10 s e c .
S u l p h u r i c  a c i d  a b se n t  
S u l p h u r i c  a c i d  p r e s e n t
9 .1 3
7 .71  .....  _ ... »
Temp. 30 t o . 01
<_92Cain a l s o  showed t h a t  e q u i v a l e n t  s o l u t i o n s  o f  th e  c h l o r i d e ,  
sulphate, n i t r a t e  and o x a l a t e  o f  a d iazonium compound decompose a t  t h e  
same r a t e ,
Lamplough^^' showed t h a t  t h e  method used  by Cain  was i n a c c u r a t e  owing
t o  th e  s o l u b i l i t y  o f  n i t r o g e n  and s u p e r s a t u r a t i o n  e f f e c t s  i n  a s t i l l
s o l u t i o n .  He o b t a i n e d  v a l u e s  o f  t h e  v e l o c i t y  c o n s t a n t  which were
■ 95somewhat h i g h e r  and more c o n s t a n t .  S a u n d e rs '  s t a t e s  t h a t  from an
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exchange o f  views o f  Lamp lough and " i t  i s  i m m a te r i a l
w he th e r  th e  s o l u t i o n  i s  a g i t a t e d  o r  n o t ,  though i f  n o t  a g i t a t e d  t h e  
n i t r o g e n  may n o t  escape  sm ooth ly  due to  s u p e r s a t u r a t i o n  o f  t h e  w a te r  
by t h e  gas  " .
T a y lo r  and F e l t i s ^ ^  were n o t  convinced  o f  t h i s  f a c t  and have d e v is e d  
a v e ry  e l a b o r a t e  p i e c e  o f  a p p a r a t u s ,  based  m ain ly  gn a  h igh  speed  
a e r a t i o n  s t i r r e r  to  d e s u p e r s a t u r a t e  t h e  s o l u t i o n  and have been  a b l e  to  
show, by p e r fo rm in g  two i d e n t i c a l  r u n s ,  one w i th  s t i r r i n g  and one 
w i t h o u t ,  t h a t  t h e  d i s s o l v e d  n i t r o g e n  may b u i l d  up to  5*9 t im es  t h a t  o f  
a  normal s a t u r a t e d  s o l u t i o n ,  b u t  do n o t  r e p o r t  i t s  e f f e c t  on t h e  
m agni tude  o f  t h e  v e l o c i t y  c o n s t a n t .  The s o l u b i l i t y  o f  n i t r o g e n  u n de r
t h e i r  e x p e r im e n ta l  c o n d i t i o n s  (4 0 ° ;  737 mm. E g .)  i s  4 .8 2  x lO"^ m o l e / l i t r e .
99P ray  c a r r i e d  ou t  an i n v e s t i g a t i o n  on th e  d e co m p o s i t io n  o f  
d iazonium compounds; he was m a in ly  concerned  w i th  t h e  e f f e c t  o f  f o r e i g n  
s u b s ta n c e s  on t h e  r a t e  o f  d e co m p o s i t io n  and found no c a t a l y s t  f o r  
th e  r e a c t i o n .  . <
He f u r t h e r  d e te rm in e d  th e  r a t e  o f  deco m p o s i t io n  o f  benzenediazonium  
c h l o r i d e  i n  a  number o f  a l i p h a t i c  a l c o h o l s ,  and i n  the,  c a se  o f  m ethanol  
f o r  v a r i o u s  m ix t u r e s  o f  th e  a l c o h o l  w i th  w a te r^ ^ ^ .  H is  f i g u r e s ,
T able  ( i l l ) ,  Graph ( l ) ,  show an a lm os t  l i n e a r  r e l a t i o n s h i p  between t h e  
r a t e  o f  d e co m p os i t io n  and t h e  c o m p o s i t io n  o f  th e  s o l u t i o n ,
Moelwyn-Hughes and Johnson^^^  s t u d i e d  th e  de co m p o s i t io n  o f  benzene— 
diazonium c h l o r i d e  e x t e n s i v e l y  by a manometric  method which was d e s ig n e d  
to  overcome t h e  problem o f  i n e f f i c i e n t l y  s t i r r e d  s o l u t i o n s .  They s t u d i e d  
t h e  in f lu e n c e ,  o f  th e  r e a c t i o n  p r o d u c t s  on th e  r a t e  o f  d eco m p o s i t io n  
and found t h a t  pheno l  had no e f f e c t ,  b u t  t h a t  t h e  a d d i t i o n  o f
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T ab le  ( i l l )
M o l . /  w a te r 1 —1 k nun k X 10^ s e c " ^ .
0 .00 53 .5 2.05
5 .43 52.0 2.0027.6 4 4 .5 1 .71
3 2 .3 42 .6 1 .6342 .6 4 0 .0 1 .535 7 .1 3 6 .0 1 .38
69 .0 33.0 1 .277 8 .8 29.0 1 .11
87 .0 27.0 1 .04
100.0 24.0 0 .9 2
k g *  0 .4343  k x lo"^ min“ ^ .
T em pera tu re  30
h y d r o c h l o r i c  a c id  r e s u l t e d  i n  an i n c r e a s e  o f  th e  r a t e ,  T a b le  ( IV ) ;  t h i s
T ab le  (XV)
Ref. N o rm a l i ty  o f  s o l n .  
w i th  r e s p e c t  to  HCl
Tem pera ture
( ° c )
k ,
( s e c “ -^.)
I n c r e a s e  i n  Rate  
{%)
1 0 1 0 . 0 0 6 0 . 0 6 5 . 6 6  X 1 0 ~ ^ — —
0 . 0 0 6 0 . 1 3 5 . 7 1  ( c a l c . )
0 . 4 1 6 0 . 1 3 6 . 1 2  _ 7 . 2
1 0 2 0 . 0 2 3 5 . 2 2 0 . 0  X 1 0  ^
0 . 0 2 3 5 .0 1 9 .5  ( c a l o . )
0 . 1 3 5 .0 2 0 . 0 2 .6
5 ,0 3 5 .0 2 3 .5 20 .5
10 ?o b s e r v a t i o n  was su p p o r te d  by C r o s s l e y ,  K ie n le  and Behbrook " who 
o b se rved  ah i n c r e a s e  i n  t h e . r a t e  o f  d e co m po s i t io n  up to  an a c i d  s t r e n g t h  
o f  10 N, w i th  r e s p e c t  to  h y d r o c h l o r i c  a c i d .  H ighe r  n o r m a l i t i e s  show a 
subseq uen t  d e c r e a s e  i n  t h e  r a t e .
F u r t h e r  o b s e r v a t i o n s  by C r o s s l e y ,  K ie n le  and Benbrook showed t h a t  
t h e  n a t u r e  o f  th e  r e a c t i o n  p r o d u c t s  was a f u n c t i o n  o f  t h e  i n i t i a l  
c o n c e n t r a t i o n  o f  t h e  diazonium c h l o r i d e .  T h is  s u p p o r te d  H an tzsch^^ ,  
b u t  Moelwyn-Hughes and Johnson  found no ev id e n ce  f o r  t h e  f o r m a t io n  o f  
c h lo ro b e n z e n e ,  i n  t h e i r  c o n c e n t r a t i o n  range  o f  0 .0 5 3 - 0 .0 1 1  g . m o l e . / l i t r e ,
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f o r  th e  d iaaonium sa . l t  i n  w a te r .
10*5H a l l i w e l l  and Nyburg ' have d i s c u s s e d  th e  f o r m a t io n  o f  th e  
p r o d u c t s  o f  th e  d e co m p o s i t io n  from a thermodynamic a s p e c t ;  t h e y  i n f e r  
t h e  f o r m a t io n  o f  pheno l  to  be the rm o dy n am ica l ly  more f a v o u r a b l e  t h a n  
t h a t  o f  pheny l  h a l i d e .  T h e i r  t r e a t m e n t ,  however,  assumes a b i m o l e c u l a r  
r e a c t i o n  i n  t h e  a t t a c k  on a h y d r a t e d  benzenediazonium  io n  by a h y d r a t e d  
an ion  o r  hydrogen-*bonded w a te r  m o le c u le s ;  such  a  mechanism i s  n o t  
c o n s i s t e n t  w i th  e v idence  to  be d e s c r i b e d  i n  a su b seq u e n t  s e c t i o n .
Values  o f  t h e  r a t e  c o n s t a n t  (k  sec  . ) ,  f o r  t h e  deco m p o s i t io n  o f  
benzenediazonium  c h l o r i d e  i n  d i l u t e  aqueous a c i d i c  s o l u t i o n  o b t a i n e d  
and c a l c u l a t e d  from l i t e r a t u r e  d a t a  a re  shown i n  T ab le  ( v ) .  To i n d i c a t e  
t h e  measure  o f  agreement  be tween  t h e  v a r i o u s  i n v e s t i g a t o r s  t h e s e  
v a lu e s  have, been p l o t t e d  on an A r rh e n iu s  p l o t ,  Graph ( l l ) ,  t h e  datum . 
l i n e  b e in g  drawn th ro u g h  th e  p o i n t s  o f  Moelwyn-Hughes and Johnson .
— 4 2 <- 
T ab le  (V)
.Authors Ref . Temp,,
( ° c )
k
sec ■1
1/T X 1q4
(°ic"4)
l o g .  k
E u le r 90 25 4 .6 8 X 10"5 33.56 — 4 .550
50 1 .04 X 10"5 30.96 - 2.985
Cain and N i c o l l 91 20 2.76 X 10"5 34 .13 - 4.559
30 1 .15 X 10-4 35.00 5 . 947 .
40 3 .36 X 10"'* 31.95 - 5.474
50 1.15 X 10"^ 30.96 - 2.959
60 4 .1 7 X 10"5 30 .03 - 2.580
Pray 99 30 0 .9 2 X 10"4 33.00 - 4.056
40 4 .2 7 X 10"4 31.95 . - 5.570
G ro s s le y ,  K i e n le 102 5 1 .5 X 10"G 35 .97 - 5 .824
and Benhrook 25 4 .1 X io"5 33.56 — 4.587
35 2.0 X 10"'* 32.45 - 5.698
50 1 .4 X 10"5 30.96 - 2 .854
H agger ty  and 93 50.0 9 .1 3 X 10"5 33.00 - 4 .040
H ad le r
Moelwyn-Hughes 101 1 5 .2 9 .30 X 10"G 34.70 w 5.052
and Johnson 50.0 0 .9 9 2 X 10"4 33.00 - 4 .0 04
40 .1 4.240 X 10"4 31 .9 4 - 5.575
6 0 .2 5.665 X io"5 30,01 - 2 .247  .
Yamamoto 104 0 7.55 X 10"7 36 .6 3 - 6 .1 2 2
Lewis and M i l l e r 105 46.76 9 .39 X 10-4 31 .27 — 5.027
55 .4 4 2.915 X 10-3 30.45 - 2.555
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Symbol Ref
102
104
105- -  3.0
30, 3634
1/T X lo '’ (°K"^)
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Mechanism o f  t h e  D ecom posi t ion  R e a c t i o n .
The. d eco m p o s i t io n ,  i n  aqueous s o l u t i o n ,  o f  benzenediazonium  s a l t s  
and a number o f  n u c l e a r  s u b s t i t u t e d  d e r i v a t i v e s  h a s  been found to  be 
o f  th e  f i r s t  o r d e r ,  t h e  r a t e  b e i n g  in d ep end en t  o f  t h e  i n i t i a l  
c o n c e n t r a t i o n  o f  t h e  d iazonium  s a l t  and th e  n a t u r e  o f  i t s  accompanying 
an ion^O .9 1 .9 2 .9 8 ,9 9 .1 0 1 ,1 0 2 ^
An Sjj 1 r e a c t i o n  mechanism h a s  been  p roposed  f o r  the, d e co m p o s i t io n  , 
o f  th e  c a b i o n s ^ ^ ^ '^ ^ ^ ;
R—  ----> R'  ^ + R (s low )
R"^  + OH" - r - i  ROH ( f a s t )
T his  i s  i n  agreement w i th  t h e  f i r s t  o r d e r  k i n e t i c s  o b s e rv e d .  S i m i l a r  
agreement would,  however, be found f o r  a .mechanism i n v o l v i n g  a b i ­
m o le c u la r  n u c l e o p h i l i o  a t t a c k  by w a te r j
R— + H O — t  ROH + Ng + H*
102G ro s s le y ,  K ie n le  and Benbrook have c a r r i e d  o u t  th e  d e co m p o s i t io n  o f  
benzenediazonium  c h l o r i d e  o v e r  a wide range  o f  c o n c e n t r a t i o n s ,  from 
m ola r  r a t i o s  o f  w a te r  t o  d iazonium  c h l o r i d e  o f  1268 ; 1 to  2 .36 ; 1.
Even a t  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  d iazonium s a l t  t h e y  found no
ev idence  f o r  a  b i m o l e c u l a r  r e a c t i o n ,  as shown by t h e i r  l i n e a r  f i r s t  
o r d e r  p l o t  ( i g . ( a - x )  a g a i n s t  t im e )  and n o n - l i n e a r  second o r d e r  p l o t  
( l g . ( ^ ~ )  a g a i n s t  t i m e ) .
The f a c t  t h a t  t h e  d e c o m p o s i t io n  o f  benzenediazonium  c h l o r i d e  goes 
o n ly  *^20^ f a s t e r  i n  12N-hydi’o c h l o r i c  ao id ^ ^^ ,  (when 60^ o f  t h e  p r o d u c t  
i s  c h l o r o b e n z e n e ) , t h a n  i n  d i l u t e  s o l u t i o n  has  been  quoted  i n  s u p p o r t
o f  an Sjy 1 mechanism. However, i n  t h i s  c o n c e n t r a t e d  system th e
p o s s i b i l i t y  o f  th e  a c c e l e r a t i n g  e f f e c t  o f  an a d d i t i o n a l  n u c l e o p h i l i o
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a t t a c k  by c h l o r i d e  i o n s  may be p a r t i a l l y  o f f s e t  by a d e c r e a s e  o f  th e
e f f e c t i v e  c o n c e n t r a t i o n  o f  th e  w a te r  l e a d i n g  to  a d e c r e a s e  i n  t h e  r a t e
o f  n u c l e o p h i l i o  a t t a c k  by t h i s  a g e n t ï ^ ^ \
F u r t h e r  s u p p o r t  f o r  t h e  u n im o le c u la r  mechanism i s  p ro v id e d  by th e
independence, o f  th e  r a t e  on th e  i d e n t i t y  o f  c o n c e n t r a t i o n  o f  t h e  an io n s
92accompanying th e  diazonium io n  . Although some o f  th e  an io n s  become
i n c o r p o r a t e d  i n t o  t h e  d e c o m p o s i t io n  p r o d u c t s ,  ( e . g .  ch lo ro b e n ze n e  as
w e l l  as ph en o l  i s  formed i n  t h e  d eco m p o s i t io n  o f  benzenediazonium
c h l o r i d e ) ,  B unne t t  and Z ah le r^ ^^  c la im  t h a t  th e  r e a c t i o n  would be more
r a p i d  i f  b i m o l e c u l a r  d i s p la c e m e n t  o f  n i t r o g e n  o c c u r r e d  w i th  a n io n s  such
as c h l o r i d e  o f  n u c l e o p h i l i o  a c t i v i t y  g r e a t e r  t h a n  t h a t  o f  w a te r  and
a l s o  a t  h i g h e r  c o n c e n t r a t i o n s  o f  such  a n io n s .  This  view i s  i n  o p p o s i t i o n
t o  t h a t  o f  H a l l i w e l l  and Hyburg^^^.
Evidence f o r  an 8^ 2 mechanism f o r  th e  decom p o s i t io n  r e a c t i o n  has
.110been p ro v id e d  by Lewis and H ind s ’ * w i th  r e s p e c t  to  p - n i t r o b e n z e n e -  
d iazonium s a l t s .  H ere ,  r e a c t i o n  by th e  8^ 1 mechanism i s  v e ry  slow and 
t h e s e  a u th o r s  have been a b le  to  show t h a t  b i m o l e c u l a r  n u c l e o p h i l i o  
s u b s t i t u t i o n  i s  s u f f i c i e n t l y  d eve loped  to  be o b s e rv e d .  They found th e  
i n c r e a s e  i n  th e  r a t e  o f  d eco m p o s i t io n  i n  t h e  p r e s e n c e  o f  bromide io n s  
to  be p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  th e  l a t t e r ,  and t h e  r a t i o  o f  
p -n i t ro b ro m o b en z en e  to  p - n i t r o p h e n o l  i n  the. de co m p o s i t io n  p ro d u c t  to  be 
p r o p o r t i o n a l  t o  the? c o n c e n t r a t i o n  o f  bromide i o n s ,  (Brower^^^ found 
t h i s  r a t i o  to  be i n s e n s i t i v e  to  bromide io n s  and c o n c lud es  t h a t  a
b i m o l e c u l a r  p r o c e s s  i s  d o u b t f u l . )  Lewis and Hinds a l s o  found t h e
I Ir e a c t i o n  to  be s u s c e p t i b l e  to  c a t a l y s i s  by copper  , (even  down to  a 
c o n c e n t r a t i o n  o f  10 m o l a r ) ,  b u t  t h e  decom p o s i t io n  o f  t h e  m-methyl-
— 46
I Ibenzenediazonium  io n  was u n a f f e c t e d  by copper  a t  a c o n c e n t r a t i o n  o f
10 ^ m o la r .  Pray^^ i n v e s t i g a t e d  th e  e f f e c t  o f  copper^^  on t h e  r a t e  o f
d e co m p os i t ion  o f  benzened iazon ium  c h l o r i d e .  He added a p p ro x im a te ly
I I1 5 .2  g .a tom  copper  pe r  g .m o le .  benzenediazonium  c h l o r i d e  and found;  
o n ly  a s l i g h t  change i n  t h e  r a t e .  T a b le  (V l ) ;
T a b l e . ( V l )
k X 10^ . sec**"^.
n 11Copper a b se n t 4 .11
n I I  Copper p r e s e n t  , 3 .99
Tem pera ture  40
-  47
S t r u c 111 r  a l  I n f l u e n c e s ,
Assuming an 8^ 1 mechanism f o r  t h e  r e a c t i o n  i t  i s  r e a s o n a b l e  t h a t  
t h e  r e a c t i v i t y  o f  t h e  p surent d iazonium osit ion sh o u ld  be d e c re a s e d  by 
n i t r o  and o t h e r  e l e c t r o n - w i t h d r a w i n g  groups  i n t r o d u c e d  i n t o  t h e  a ro m a t ic  
n u c le u s  and enhanced by e l e c t r o n - r e l e a s i n g  g ro u p s .  B u n n e t t  and Z ah le r^ ^^  
have  c a l c u l a t e d  v a l u e s  o f  t h e  r a t e  c o n s t a n t  o f  a s e r i e s  C f  d iazonium  
compounds, a t  a  t e m p e r a t u r e  o f  2 8 .8 ° ,  from e x p e r im e n ta l  d a t a  o f  G ro s s l e y ,  
K ie n le  and Benbrook^^",  T able  ( V I l ) .  The e f f e c t  o f  m -a lk y l  g ro u p s ,  
d e t e r m i n e d 'b y  Lewis and M i l l e r ^ ^ ^ ,  i s  shown i n  T ab le  ( V I I l ) .
T ab le  ( V I l )
S u b s t i t u e n t
k X lo'^ sec L
o r th o meta p a r a
OH. 6 .8 9100 0 .9 3
OMe 3400 0 .1 1
Ph 1100 1700 37 '
Me 370 3400 91
. H 740 740 740
COgH 140 410 91
8 0 ^ 91 150 42
Cl 0 .1 4 31 1 .4
NO g 0 .37 0 .69 3 .1
With r e s p e c t  t o  t h e  e l e c t r o n - w i t h d r a w i n g  g ro u p s ,  -CO^H, -SO^H, -C l  and 
NO^» th e  p o s i t i o n  i s  r e a s o n a b l y  c l e a r :  a l l  s u b s t i t u e n t s  red u c e  t h e  
d e co m p o s i t io n  r a t e ,  t h o s e  i n  t h e  m eta  p o s i t i o n  b e in g  th e  l e a s t  e f f e c t i v e .  
For g roups  capable.' o f  e l e c t r o n - r e l e a s e ,  however, t h e  s i t u a t i o n  i s  
complex. I t  can be seen  t h a t  t h e  +I e f f e c t  o f  t h e  a l k y l  groups i n  t h e  
m eta  p o s i t i o n  i n c r e a s e s  th e  r e a c t i v i t y  as e x p e c te d .  T ab le  ( V I I l ) ,  b u t
— 4-8 "*■
i n  t h e  p a r a  p o s i t i o n  a l k y l  groups  d e c r e a s e  t h e  r e a c t i v i t y  a p p r e c i a b l y ,  
T ab le  ( i x ) . •>
Table  ( V I I l )
S u b s t i t u e n t None Me Et t -B u
4 -1  k X 10 sec 0 .9 9 2 5 .92 6 .95 14 .1
R a t io 1 .00 5.95 6 .98 1 4 .2
R e fe ren ce 101 105
Tem pera ture
2 9 . 96 - 3 0 . 0 °
T ab le  (ix)
S u b s t i t u e n t Nona i - P r  . s-Bu t-B u
k X 1 0 sec~ ^ . 9 .3 9 1.459 1.500 1 .822
R a t io 1,000 0.155 0.160 0 .1 9 4
R e fe ren ce . 105 .
Temp.
4 6 . 7 6 *
T h is  s t a b i l i s a t i o n  o f  th e  d iazonium  c a t i o n  has  been d i s c u s s e d  by
105Lewis and M i l l e r  and t h e y  a s c r i b e  i t  to  h y p e r c o n j u g a t i o n  which l e a d s  
to  a s t r e n g t h e n i n g  o f  t h e  C—N bond.  They invoke  re so n a n c e  s t r u c t u r e s  
o f  th e  ty p e  shown below;
H
IH - CIH
+
N2 N: K —C NczN
Me ——C— Me — C N~N
~ 49 "
They assume t h a t  t h e  h y p e r c o n j u g a t i v e  e f f e c t  i s  more pronounced i n  th e  
fo rm er ;  t h i s  would r e s u l t  i n  a h i g h e r  v a l u e  o f  t h e  r a t e  c o n s t a n t  f o r  th e  
l a t t e r ,  which i s  s u p p o r te d  by t h e i r  e x p e r im e n ta l  o b s e r v a t i o n s ,  T ab le  (x):
Table  (x)
S u b s t i t u e n t Me t-B u
k X 10^ s e c ” ^ 7.79 13.25 Tem pera ture  62,23*
109Hughes*"''^ has  a l s o  i n d i c a t e d  t h a t  such s t a b i l i s a t i o n  i s  c o n s i s t e n t  
w i th  an 8^ 1 mechanism f o r  t h e  r e a c t i o n  o f  t h e  p-methoxybenzenediazonium  
c a t i o n ;
N = N:OH,— 0 : N - N :CH — O 3 ••
However, ass ignm ent  o f  an o v e r a l l  e l e c t r o n - r e l e a s i n g  e f f e c t  t o  methoxy 
and hydroxy s u b s t i t u e n t s  i n  t h e  m eta  p o s i t i o n  i s  c o n t r a r y  to  th e  
obse rv ed  e f f e c t s  on t h e  d i s s o c i a t i o n  c o n s t a n t s  o f  t h e  c o r r e s p o n d in g  
a ro m a t ic  a c id s ^ ^ ^ ,  T able  ( X l ) ;
Table, f x i )
Acid
K /IC u
o r th o meta p a r a
. M ethy lbenzo ic  
Methoxybenzoic  
, Hydroxybenzoic
1 .97
1.29
1 5 .9
0 .87 ,
1 .30
1.26
0 .6 8
0 .5 4
0 .4 4
K u-  d i s  s .  c o n s t .
b e n z o ic  a c id  
K - d i s s ,  c o n s t ,  
s u b s t .  a c i d
I t  i s  d i f f i c u l t  t o  see  on a s im p le  v a le n c e -b o n d  r e p r e s e n t a t i o n  how 
e l e c t r o n - r e l e a s e  from m-methoxy and m-hydroxy g roups  can o c c u r  i n  
d iazonium d e c o m p o s i t io n .  m-Alkyl groups  presum ably  e x p e r t  no re so nan ce  
e f f e c t .
-  50 -
The Cbj '^ct  o f  t h e  P r e s e n t  Work.
In  o r d e r  to  add to  d a t a  on th e  r e a c t i v i t y  o f  groups a t t a c h e d  to  
m acromolecu les  th e  deco m p o s i t io n  o f  po lym er ic  d iazonium c a t i o n s  d e r i v e d  
from m -am inos tyrene  has  b e e n  s t u d i e d .
The d eco m p o s i t io n s  o f  b e n z e n e -  and a lk y lb e n z e n e -  d iazonium c a t i o n s
c l o s e l y  f o l lo w  f i r s t - o r d e r  k i n e t i c s ^ ^ ^ ' ^ ^ ^ ' ^ ^ ^ .  The r a t e  o f  d e co m p o s i t io n
o f  benzenediazonium  c h l o r i d e  i n  aqueous s o l u t i o n  i s  i n s e n s i t i v e  to
changes  i n  a c i d i t y .  The r e s u l t s  o f  Moelwyn-Hughes and Johnson^^^ show
t h a t  when w a te r  i s  r e p l a c e d  by 0 .4 1  N - h y d r o c h lo r i c  a c i d  as t h e  s o l v e n t ,
t h e  r a t e ,  a t  6 0 .1 * ,  i n c r e a s e s  by 7?» and th o s e  o f  G r o s s le y ,  K i e n le  and 
102Benbrook t h a t  a  s i m i l a r  a l t e r a t i o n  from 0 .0 2  to  0 , 1  N - h y d r o c h lo r i c  
a c id  r e s u l t s  i n  a 3^' i n c r e a s e  a t  3510*.
I t  was i n f e r r e d ,  as a  p rem ise  o f  th e  p r e s e n t  work, t h a t  d iazon ium -  
c a t i o n  d e co m p o s i t io n  i s  e s s e n t i a l l y  a u n i m o l e c u l a r  r e a c t i o n  n o t  r e a d i l y  
p e r t u r b e d  by a l t e r a t i o n  i n  t h e  a c i d i t y  o f  th e  medium, whence, were  any 
u n u su a l  f e a t u r e s  o f  r a t e  o r  o r d e r  to  be e n c o u n te re d  i n  t h e  d e co m p o s i t io n  
o f  a p o ly m er ic  d iazonium c a t i o n ,  i t  cou ld  p r o b a b ly  be a s c r i b e d  to  a 
p e c u l i a r i t y  o f  t h e  r e a c t i v i t y  o f  m acrom olecu les .  - ^
I t  h a s  been  seen  t h a t  t h e  e f f e c t  o f  m -a lk y l  s u b s t i t u e n t s  on t h e  
r a t e  o f  d e co m p o s i t io n  o f  t h e  benzenediazonium  c a t i o n  may be accoun ted  
f o r  by t h e  i n d u c t i v e  e l e c t r o n - r e l e a s e \ o f  t h e s e  g ro u p s ,  b u t  t h a t  t h i s  i s  
n o t  so f o r  jq-alkj^'l s u b s t i t u e n t s .  For  t h i s  r e a s o n  polymers  and copolymers 
o f  m-aminostyren©.i have been  s e l e c t e d  f o r  i n v e s t i g a t i o n ,  r a t h e r  t h a n  
t h o s e  o f  th e  ^ - i s o m e r .  x .
I t  was c o n s id e r e d  t h a t  s p e c i a l  c h a r a c t e r i s t i c s ,  due to  a t t a c h m e n t ,  
o f  t h e  d iazonium groups  t o  a m acrom olecu le ,  cou ld  be a s s e s s e d  by
51
compariBon o f  th e  k i n e t i c s  o f  d e co m po s i t io n  w i th  t h o s e  o f  th e  h e n z e n e -  
diazoniiüîi c a t i o n ,  r e p r e s e n t i n g  t h e  i n d i v i d u a l  s i d e  group ,  and th e  
m-cumenediazonium c a t i o n ,  r e p r e s e n t i n g  th e  s i d e  group t o g e t h e r  w i th  
t h e  c h a in  carbon  atom and two a d j a c e n t  carbon  atoms to  which i t  i s  
combined i n  t h e  macromolecule  (compare b r a c k e t e d  s t r u c t u r e s  be lo w ) ,  
rH CH
I
H CHI
X
■CHg— CH— CHg- CH —  1
Y
( I I )
F u r t h e r ,  i n  c e r t a i n  r e a c t i o n s  o f  groups  a t t a c h e d  to  m acrom olecu les ,  
t h e  i n t e r a c t i o n  o f  n e ig h b o u r in g  s i d e  groups i s  i m p o r t a n t ;  to  e v a l u a t e ;  
t h i s  f a c t o r  i n  t h e  p r e s e n t  r e a c t i o n ,  copolymers o f  s t y r e n e  and m-amino-  
s t y r e n e  i n  molar  r a t i o  2 ; 1 have been p r e p a r e d .  The pheny ld iazon ium  
groups  i n  th e  d i a a o t i s e d ,  copolymers  a re  on ave rag e  s e p a r a t e d  by two 
phenyl  g ro u p s ,  whereby p o s s i b l e  i n t e r a c t i o n  o f  th e  d iazonium groups  i s  
much r e d u c e d .
F i n a l l y ,  r e p la c e m e n t  r e a c t i o n s  o f  th e  d iazonium group ,  which a re  
known to  occur  w i th  th e  d iazonium s a l t s  o f  s im p le  amines ,  have been 
s t u d i e d  i n  t h e  homopolymers and copolym ers .
-  52 -
I n t r o d u c t i o n  to  th e  Exijer i m e n t a l  S e c t i o n s  *
The e x p e r im e n ta l  work h as  been s e t  ou t  i n  f o u r  main s e c t i o n s .  
S e c t i o n  ( l ) ,  t h e  main p r e p a r a t i v e  s e c t i o n ,  d e a l s  w i th  t h e  s y n t h e s i s  
o f  m -am inos ty rene ,  i t s  h o m o p o ly m ér isa t ion  and c o p o ly m e r i s a t i o n  w i th  
s t y r e n e ,  and th e  c h a r a c t e r i s a t i o n  o f  th e  inacrom olecu lar  amines ,  so 
o b t a i n e d ,  by v i s c o s i t y  measurements* The r o u t e  u sed  i n  t h e  s y n t h e s i s  
o f  m -am inos ty rene  was t h e  f o l lo w in g ;
CH„
1 ^C - 0 0 =  0 CHOH OH =  CH,
— ? ^
NO
OH=GH.
NO ClNH,2 ”  ""2  ""2 
Also d e s c r i b e d  i s  t h e  s y n t h e s i s  o f  m-curaidine h y d r o c h l o r i d e ,  by 
t h e  r o u t e  shown below, and^ th e  p r e p a r a t i o n  o f  a n i l i n e  h y d r o c h l o r i d e .
Ô
NO,. NH
NO
NHCOOH
NO
NH
NO 2
F i n a l l y ,  t h e  p r e p a r a t i o n  o f  s t a n d a r d ,  aqueous m e t h a n o l i c ,  s o l u t i o n s  
o f  t h e  h y d r o c h l o r i d e s  o f  a n i l i n e ,  m-cumidine and th e  m acrom olecu la r  
amines i s  d e s c r i b e d .
-  5 5  -
S e c t i o n  ( 2 ) d e a l s  w i th  t h e  k i n e t i c  s t u d i e s  o f  t h e  r a t e s  o f  
d e co m p o s i t io n ,  i n  a c i d i c ,  aqueous m e th a n o l i c  s o l u t i o n ,  o f  t h e  d iazonium 
c a t i o n s  d e r i v e d  from t h e  above amine h y d r o c h l o r i d e s .
S e c t i o n  ( 5 ) d e s c r i b e s  t h e  work c a r r i e d  ou t  on t h e  d e co m p o s i t io n  
p r o d u c t s  o f  benzenediazonium  c h l o r i d e  and t h e  m acrom olecu la r  d iazonium 
c h l o r i d e s  from s e c t i o n  ( 2 ) .
S e c t i o n  ( 4 ) d e s c r i b e s  a number o f  r ep la ce m e n t  r e a c t i o n s  o f  t h e .  
m ac ro m o lecu la r  d iazonium c a t i o n s .
-  54 -
E X P Ë R I  M E N T A L
-  55 -
A l l  m e l t i n g  p o i n t s  a r e  c o r r e c t e d .
H y d ro c h lo r i c  a c i d ,  u n l e s s  o t h e r w i s e  s t a t e d ,  r e f e r s  to  11 ,75  N 
AnalaH a c i d .
P u r i f i c a t i o n  o f  S o l v e n t s .
Benzene was d r i e d  o v e r  anhydrous ca lc ium  c h l o r i d e  and d i s t i l l e d .  The 
f r a c t i o n  b o i l i n g  a t  79-81° was c o l l e c t e d .
Methanol was d i s t i l l e d  and t h e  f r a c t i o n  b o i l i n g  a t  64-65° c o l l e c t e d .  
Bimethylformamide was d i s t i l l e d  and t h e  f r a c t i o n  b o i l i n g  a t  152-155° 
c o l l e c t e d .
A n i l in e  was d r i e d  o v e r  p o ta s s iu m  hy d ro x ide  p e l l e t s .  I t  was d e c a n te d  
from th e  p e l l e t s  and d i s t i l l e d  u n d e r  reduced  p r e s s u r e .  The f r a c t i o n  
b o i l i n g  a t  7 6 - 7 8 ° / l 6  mm. was c o l l e c t e d  and s t o r e d  u n d e r  n i t r o g e n .
-  56 -  . ■
Se c t i o n  ( l ) .
115P r e p a r a t i o n  o f  m - n i t r o a c e to - phenone .
R e d i s t i l l e d  ace tophenone  ( b . p .  95° /21  mm.; 48 g . ; 0 , 4  m o le , )  was 
d i s s o l v e d  i n  s u l p h u r i c  a c id  ( d .  1 .8 4 ;  141 m l . ) ,  t h e  t e m p e r a tu re  o f  t h e  
s o l u t i o n  b e in g  k e p t  below 50° .  T h is  was t h e n  coo led  to  -10°  on an i c e -  
s a l t  b a t h .
A n i t r a t i o n  m ix tu r e  o f  n i t r i c  a c id  ( d .  1 .4 2 ;  41 m l . )  i n  s u l p h u r i c  
a c id  ( d .  1 .8 4 ;  98 m l . ) ,  coo led  to  a p p ro x im a te ly  - 5 ° ,  was added d ropwise
Ito  th e  s o l u t i o n  o f  ace tophenone  w i th  v ig o r o u s  shalcing o f  th e  r e a c t i o n  
m ix t u r e  such t h a t  t h e  t e m p e r a t u r e  was k e p t  below - 5 ° .  When th e  a d d i t i o n  
o f  t h e  n i t r a t i n g  m ix tu r e  was com ple te  th e  r e a c t i o n  m ix tu re  was a l low ed  
to  s t a n d  on the: i c e - s a l t  b a th  f o r  a f u r t h e r  20 m in u te s .  I t  was t h e n  
poured on to  i c e  (750 g . )  i n  w a te r  (1 L . ) ,  c o n ta in e d  i n  a  2 l i t r e  
b e a k e r ,  w i th  s t i r r i n g .  The m - n i t r o a c e to p h e n o n e  s e p a r a t e d  as  a  brown 
s o l i d ,  which was f i l t e r e d ,  washed w i th  c o p iou s  q u a n t i t i e s  of, w a te r  u n t i ] ,  
t h e  washings  became c o l o u r l e s s ,  and a i r - d r i e d .  The d ry  c rude  p r o d u c t  ‘ 
was d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c id  (200 m l . )  a t  ^ 4 0 ° ,  d e c o l o u r i s e d  
w i th  c h a r c o a l  and f i l t e r e d .
Water was added to  t h e  f i l t r a t e  u n t i l  p r e c i p i t a t i o n  o c c u r r e d .  I t  
was t h e n  h e a t e d  u n t i l  s o l u t i o n  was a g a in  c o m ple te .  T h is  p r o c e s s  was 
r e p e a t e d  u n t i l  a s a t u r a t e d  s o l u t i o n  was o b t a i n e d  a t  50 ° .  The s o l u t i o n  
was c o o ie d  and t h e  c r y s t a l l i n e  p r o d u c t  f i l t e r e d  o f f .  T h is  was washed 
w i th  a sm a l l  q u a n t i t y  o f  th e  s o l v e n t ,  fo l lo w ed  by a l i t t l e  w a te r  and 
d r i e d .
A f u r t h e r  c rop  was o b t a i n e d  by d i l u t i n g  t h e  f i l t r a t e  w i th  w a t e r .
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R e s u l t s
Main crop  22 .1  g.  m .p .  7 4 .5 -7 6 °  )
) T o t a l  y i e l d  
Second c rop  1 .4  g.  )
The: p ro d u c t  w a s , f u r t h e r  r e c r y s t a l l i s e d  from e t h a n o l .
F i r s t  r e c r y s t a l l i s a t i o n  21 ,7  g. m.p.  7 6 -7 6 .5 °
S econd . r e c r y s t a l l i s a t i o n  1 7 .7  g.  m .p .  7 7 .5 -7 8 °
P r e p a r a t i o n  o f  m - n i t r o a c e to p h e n o n e
A wide mouthed, 5 l i t r e ,  c o n i c a l  f l a s k  was f i t t e d  w i th  a lo n g  b l a d e d ,  
m e c h a n ic a l ly  o p e r a t e d  s t i r r e r ,  a d ro pp in g  f u n n e l  and a the rm om eter ,  and 
p la c e d  i n  a l a r g e  i c e - s a l t  b a t h .  S u lp h u r i c  a c id  ( d .  1 .8 4 ;  500 m l . )  was 
p la c e d  i n  t h e  f l a s k  and co o led  to  -5 °  when i t  s o l i d i f i e d .  R e d i s t i l l e d  
ace tophenone  ( b . p ,  9 3 ° /2 1  mm.; 108 g . ;  0 .9  m o le . )  was added from th e
d ro p p in g  fu n n e l  a t  such a r a t e  t h a t  th e  t e m p e r a tu r e  was k e p t  below 5° ,
o v e r  a p e r i o d  o f  about  15 m in u t e s .  T h is  s o l u t i o n  was t h e n  coo led  to  - 7 ° .
A n i t r a t i o n  m ix tu r e  o f  n i t r i c  a c i d  ( d ,  1 .4 2 ;  40 m l , ) ,  fuming n i t r i c  
a c id  ( d .  1 .5 0 ;  40 m l . )  i n  s u l p h u r i c  a c id  ( d .  1 .8 4 ;  120 m l . )  was added to  
t h e  s o l u t i o n  o f  ace tophenone  from t h e d r o p p i n g - f u n n e l  a t  a r a t e  o f  
100-120 d rops  p e r  m in u te  w i th  s t i r r i n g ,  t h e  t e m p e r a tu re  b e in g  k e p t  
below 0*^  by the. a d d i t i o n  o f  s o l i d  carbon  d i o x i d e  to  t h e  r e a c t i o n  m ix t u r e .  
On c o m p le t io n  o f  th e  a d d i t i o n  o f  t h e  n i t r a t i o n  m ix tu r e  s t i r r i n g ,  on t h e
i c e - s a l t  b a t h ,  was c o n t in u e d  f o r  a f u r t h e r  15 m in u te s .  The r e a c t i o n
m ix tu re  was then,  poured  on t o  i c e  (750 g . )  and w a te r  ( 1 . 5  h . )  w i th  
v ig o r o u s  manual s t i r r i n g  which was c o n t in u e d  f o r  a f u r t h e r  5 m in u te s .
The p r o d u c t ,  a cream s o l i d ,  was f i l t e r e d  o f f ,  p r e s s e d  d ry ,  
t r a n s f e r r e d  to  a m o r ta r  and t r i t u r a t e d  w i th  w a te r  (5  x 500 m l . )  and
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c o ld  96^  e th a n o l  (2  x 25. m l . ) .  I t  was th e n  p r e s s e d  on a porous  p l a t e  
and a l lowed to  a i r - d r y .
T h is  (120  g .  ; 0 .7 5  m o le O  was d i s s o l v e d  i n  h o t  96^  e th a n o l  ( l 2 0  m l . ) ,  
f i l t e r e d  q u i c k l y  th ro u g h  a sm a l l  Buchner f u n n e l  and poured s lo w ly  w i th  
v i g o r o u s  s t i r r i n g  i n t o  c o ld  w a te r  ( l  L . ) .  S t i r r i n g  was c o n t in u e d  f o r  
5 m in u te s .  The s o l i d  was f i l t e r e d  o f f ,  washed w i th  w a te r  (200 m l . )  and 
a l lowed to  d ry  on a porous  p l a t e .  ■
The d ry  s o l i d  was r e c r y s t a l l i s e d  from 96^  e t h a n o l  (lOO m l . ) .  A 
f u r t h e r  c rop  o f  t h e  p r o d u c t  was o b t a in e d  by c o n c e n t r a t i n g  t h e  m other  . 
l i q u o r .
R e s u l t s
Main c rop  108 g,. m .p ,  78* )
) T o ta l  y i e l d  75^
Second c rop  2 .9  g- )
I n  subsequ en t  ru n s  i t  was found t h a t  th e  s t a g e  where t h e  c rude  
p r o d u c t  i s  d i s s o l v e d  i n  h o t  96^  e th a n o l  and th e n  poured  i n t o  w a te r  . 
cou ld  be o m i t t e d  w i th o u t  i m p a i r i n g  th e  p r e p a r a t i o n .
Q u a n t i t i e s  o f  ace tophenone  up to  200 g. have been  n i t r a t e d  as  above 
g i v i n g  s i m i l a r  p e r c e n t a g e  y i e l d s .
P r e p a r a t i o n  o fC X -m eth y l^m -n i t ro benzy l  a l c o h o l ^^^*^^^ .  ,
Aluminium f o i l  ( l 7 . 0  g . ) ,  i s o p r o p y l  a l c o h o l  (700 m l . ) ,  d r i e d  o v e r  
anhydrous p o ta s s iu m  c a r b o n a t e ,  and m e rc u r ic  c h l o r i d e  ( 0 . 2  g . )  were
h e a t e d  g e n t l y  u n d e r  r e f l u x ,  t h e  co nd en se r  b e in g  f i t t e d  w i th  a  ca lc ium
c h l o r i d e  t u b e ,  u n t i l  s o l u t i o n  o f  th e  aluminium was complete  (^^2 h o u r s ) .  
rn -Ni t roace tophenone  ( d r i e d  i n  vacuo,  m.p. 7 8 -7 9 ° ;  198 g. ; 1 , 2  m o le . )
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was added to  t h e  s o l u t i o n  o f  t h e  a lk o x id e  and a f t e r  comple te  s o l u t i o n  
o f  th e  k e to n e  th e  r e a c t i o n  m ix tu r e  was g e n t l y  r e f l u x e d  f o r  2 h o u r s .  The 
e x c e s s  i s o p r o p y l  a l c o h o l  and t h e  a ce to n e  formed d u r i n g  th e  r e a c t i o n  
were d i s t i l l e d  o f f ,  t h e  f i n a l  t r a c e s  b e in g  removed under  r ed u ced  
p r e s s u r e .  The f l a s k  and c o n t e n t s  were coo led  to  a p p ro x im a te ly  50° and 
t h e  now v i s c o u s  c o n t e n t s  were poured  on t o  i c e - c o l d  5 N - s u lp h u r i c  a c id  
(1900 m l . )  which was a g i t a t e d  by v ig o r o u s  m ec h an ica l  s t i r r i n g .  The 
p r o d u c t  r e m a in in g  i n  th e  f l a s k  was removed by s h a k in g  i t  w i th  a p o r t i o n  
o f  t h e  c o ld  a c id  which was t h e n  added to  t h e  main b u lk  o f  th e  p r o d u c t .  
The s t i r r i n g  was m a in t a in e d  u n t i l  t h e  v i s c o u s  o i l  had c o m p le t e ly  
s o l i d i f i e d ,  g i v i n g  a p a l e  y e l lo w  c r y s t a l l i n e  p r o d u c t .
The p rod u c t  was f i l t e r e d  o f f  and s l u r r i e d  i n  a  m o r ta r  w i th  w a te r
( 300 , 200 m l . )  and a f t e r  f i l t r a t i o n ,  a i r - d r i e d .  The; combined f i l t r a t e s
were saved f o r  f u r t h e r  t r e a t m e n t .
The d r y ,  c rude  p ro d u c t  was r e c r y s t a l l i s e d  from b enzene .  A second 
c rop  was o b t a i n e d  by c o n c e n t r a t i o n  o f  the. mother  l i q u o r i  A t h i r d  c rop  
was o b ta in e d  from t h e  aqueous f i l t r a t e s  by e x t r a c t i o n  w i th  b en ze n e .  T h e ' 
b e n z e n e - e x t r a c t  was d r i e d  o v e r  anhydrous p o t a s s i u m ,c a r b o n a t e  and th e  
b enzene  d i s t i l l e d .
R e s u l t s
Main p o r t i o n  o f  p ro d u c t  157.0  g.  m^p. 6 1 .5 -6 2 °  ^
Second c rop  15 .7  g. ) T o ta l  y i e l d  78^
)T h ird  c rop  4*5 g» /
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Pr e p a r a t i o n  o f  m - n i t r o s t y r e n e ,
The a p p a r a t u s  u sed  f o r  t h i s  r e a c t i o n  i s  shown i n  f i g u r e  5? t h e  
t e m p e r a t u r e s  o f  t h e  s t o r a g e  and r e a c t i o n  v e s s e l s  a r e  c o n t r o l l e d  by 
' :Variacs  ' .
0i ( -M eth y l -m -n i t rob en zy l  a l c o h o l  ( 25.0  g .  ) and o r th o p h o s p h o r i c  a c i d  
( AnalaR; d .  1 .7 4 ;  200 m l . )  were p la c e d  i n  th e  s t o r a g e  v e s s e l  and h e a t e d  
w i th  s t i r r i n g  to  58 - 6 0 °, a t  which t e m p e r a tu re  th e  a l c o h o l  was found to  
be s o l u b l e  i n  th e  a c i d .  T h is  s o l u t i o n  was a l low ed  to  ru n  th ro u g h  t h e  
r e a c t i o n  v e s s e l  a t  a p r e d e t e r m in e d  t e m p e r a tu r e  and r a t e ,  c o n t r o l l e d  by th e  
V a r ia c  and s c r e w - c l i p  r e s p e c t i v e l y .
The p r o d u c t s  were c o l l e c t e d  and a f t e r  s e p a r a t i o n  o f  th e  o i l y  l a y e r  
f l o a t i n g  on t h e  s u r f a c e  t h e  rem a in d e r  was r e c y c l e d .  The combined 
p r o d u c t s  were d i l u t e d  to  one l i t r e  w i th  w a te r  and t h e  whole s te am -  
d i s t i l l e d  u n t i l  a l l  o f  th e  m - n i t r o s t y r e n e  had been  removed. T h is  was 
i n d i c a t e d  by t h e  c e s s a t i o n  o f  m i lk y  appea ran ce  i n  t h e  d i s t i l l a t e .  The 
d i s t i l l a t e  was e x t r a c t e d  w i th  benzene and th e  combined e x t r a c t s ,  a f t e r  
b e in g  washed w i th  w a t e r ,  were d r i e d  ove r  anhydrous p o ta s s iu m  c a r b o n a t e ,  
w i th  t h e  a d d i t i o n  o f  t e r t i a r y  b u t y l c a t e c h o l  ( 0 .0 2  g . )  to  i n h i b i t  
p o l y m e r i s a t i o n  o f  th e  p r o d u c t .
The s o l v e n t  was t h e n  removed by d i s t i l l a t i o n  and th e  r e s u l t i n g  o i l  
d i s t i l l e d  u n d e r  red u c ed  p r e s s u r e .
A s e r i e s  o f  s y s t e m a t i c  v a r i a t i o n s  o f  t h e  r a t e  o f  f low o f  th e  
m ix tu r e  th rough  t h e  r e a c t i o n  v e s s e l  and t h e  t e m p e r a tu r e  was c a r r i e d  
o u t  i n  o r d e r  t o  d e te rm in e  t h e  optimum o p e r a t i o n a l  c o n d i t i o n s .
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Apparatus f o r  th e  D ehydra t ion  o f  <?(°Kiethyl-iii-nitrobenayl a lc o h o l
A
2.5  mm. 
i n t e r n a l  d i a m e te r ;  
50 cm. i n  l e n g t h
4 .0  ram. 
i n t e r n a l  d i a m e te r
105 cm
R e a c t io n  v e s s e l  
( 2 2 .5  m l . )
F ig u re  3»
S to ra g e  v e s s e l  
( c a ,  300 m l . )
A i r - i n l e t
Ra te  c o n t r o l  
c l i p
— 6 2 —
R e s u l t s
Flow-Rate
m l . / m in .
Tempera ture
(*G)
Y ie ld
m
11.0 130 3 5 .8
11.0 132 35.6
11.0 150 3 0 .8
5 .0 125 32.5
5 .0 125-128 42 .1
5 .0 125-150 3 3 .7
4 .0 130-132 38 .6
5 .0 135-138 3 8 .4
5 .0 135-138 39.8+
4 . 5 - 5 .0 135-138 33 .5
4 . 5 - 5 . 0 135-138 37.7
4 . 5 - 5 . 0
L ._ ...
135-140 3 4 .2
4 '
1.5811
R e s u l t s  and P h y s i c a l  C o n s ta n ts
F r a c t i o n  Weight B o i l i n g  P o i n t
1 0.55. g . - 7 8 ° / o . 6  mm.
2 8 .3 2  g .  7 3 - 7 9 % . 6  mm. 1 .5812
From t h e  r e s u l t s  o f  th e  above i t  was d e c i d e d . t h a t  th e  b e s t  r e s u l t s  
may be o b t a i n e d  a t  a f l o w - r a t e  o f  4 î5"5»0 m l . /m in .  and a t e m p e r a t u r e  . 
o f  15 5 ° .
The a lc o h o l  ( l 7 4  g . )  was d e h y d ra te d  i n  25*0 g.  p o r t i o n s  and t h e  
p r o d u c t s  combined f o r  d i s t i l l a t i o n .
R e s u l t s
F r a c t i o n  weignx n o i r i n g  r o i n r  nWeight B i l P o i t
0 .9 3  g .  - 8O .5 V 1 .O mm.
54 .26  g .  8 0 . 5 - 8 3 ° / l . 0  mm. 
2.90  g. > 8 3 ° / l . O  mm.
25D
1,5805
1.5800
T o ta l  y i e l d  
37^
~ 63 —
]15  117P r e p a r a t i o n  o f  m -am in o s ty re n e ' '
m - N i t r o s ty r e n e  ( 3 8 .8  g . ) ,  h y d r a t e d  s ta n n o u s  c h l o r i d e  (240  g . ) ,  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  (155  m l . )  and 96^  e th a n o l  (75  m l . )  were 
h e a t e d  u n de r  r e f l u x  f o r  35 m in u te s .  The s o l u t i o n  was t h e n  coo led  
s l i g h t l y  and t e s t e d  f o r  u n r e a c t e d  m - n i t r o s t y r e n e  by add ing  one drop o f  
t h e  r e a c t i o n  m ix tu re  to  w a te r  ( t h e  p re s e n c e  o f  m - n i t r o s t y r e n e  i s  shown 
by th e  f o r m a t io n  o f  a c loudy  s o l u t i o n ) .
There b e in g  no u n r e a c t e d  m a t e r i a l  p r e s e n t ,  t h e  coo l  s o l u t i o n  was 
added to< a s o l u t i o n  o f  sodium h y d ro x id e  (200  g . )  i n  w a te r  (700 m l . )  
and th e  whole s t e a m - d i s t i l l e d  u n t i l  no f u r t h e r  amine was o bse rv ed  i n  
t h e  d i s t i l l a t e  ( l .5 L. a p p r o x . ) .
The s t e a m - d i s t i l l a t e  was e x t r a c t e d  w i th  benzene and th e  combined 
e x t r a c t s  d r i e d  o v e r  anhydrous p o ta s s iu m  c a r b o n a te  w i th  th e  a d d i t i o n  o f  
a  l i t t l e  t e r t i a r y  b u t y l c a t e c h o l  to  i n h i b i t  p o l y m e r i s a t i o n  o f  t h e  p r o d u c t .  
The benzene was removed by d i s t i l l a t i o n  and th e  p r o d u c t  d i s t i l l e d  und e r  
red u c ed  p r e s s u r e  i n  an a tm osphere  o f  o x y g e n - f r e e  n i t r o g e n .
R e s u l t s
F r a c t i o n
1
2
3
Weight 
1 .79  g. 
20.27 g. 
1 .55  g .
n 25D
1.6078
1.6062
1.6017
T o ta l  y i e l d
B o i l i n g  P o in t  
- 6 4 ° / 0 .5 mm.
6 4 - 6 6 ° / o . 5 mm.
66 - 6 9 ° / o . 5 mm.
A r e p e a t - p r e p a r a t i o n  u s i n g  m - n i t r o s ty r e n e -  ( 5 5 .2  g . ) y i e l d e d  m-amino-  
s t y r e n e  i n  76^  y i e l d .
P r e p a r a t i o n  o f  a d e r i v a t i v e  o f  m -a m in o s ty re n e .
A p o r t i o n  o f  m -am inos ty rene  was suspended i n  2 N-sodium h y d ro x id e  
s o l u t i o n  and t r e a t e d  w i th  a , s l i g h t  e x c e s s  o f  ben zo y l  c h l o r i d e  ( S c h o t t e n -
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Baumann c o n d i t i o n s ) .  The m ix tu r e  was shalcen to  decompose; th e  exce ss  
b enzoy l  c h l o r i d e .  The p r o d u c t  was f i l t e r e d ,  washed w i th  w a te r ,  a i r -  
d r i e d  and r e c r y s t a l l i s e d  t o  a c o n s t a n t  m e l t i n g  p o i n t  from b e n z e n e /  
l i g r o i n .
m-Benzaminostyrene  had m.p,  9 3 -9 3 .5 °
P u r i f i c a t i o n  o f  S ty r e n e  Monomer.
Q u i n o l - i n h i b i t e d . s ty rene :  (250 m l . )  was t h r i c e  washed w i th  2 N- 
sodium hy d ro x ide  s o l u t i o n  (250;  150; 100 m l . )  and w a te r  ( 250; 150; 
100 m l . ) .  I t  was d r i e d  ov e r  anhydrous sodium s u l p h a t e  f o r  f o u r  h ou rs  
and th e n  d i s t i l l e d  u n d e r  r ed u ced  p res su re ;  i n  an a tm osphere  o f  oxygen- 
f r e e  n i t r o g e n .
The p u r i f i e d  s t y r e n e ,  which had b . p ,  6 4 .5 ° /4 9  mm, n^^ 1.5441> 
was s t o r e d  a t  4 ° .
. -  65 -
P r e p a r a t i o n  o f  Homo-oolymers o f  m -am inos ty rene  and Copolymers o f  
S ty r e n e  w i th  m-Aminosty r e n e .
Homopolymé r i s a t i o n .
2 , 2 ' - a z o i s o b u t y r o n i t r i l e  [ ( i ) ,  O.O3065 ( i i ) ,  0 .0557  was 
d i s s o l v e d  i n  m - a n in o s ty r e n e  [ ( i ) ,  14*99; ( i i ) ,  14*01 g.j . The s o l u t i o n s  
were s e a l e d  i n  g l a s s  t u b e s  u n d e r  n i t r o g e n  and h e a t e d  a t  80 1 f o r ,
( i ) ,  240; ( i i ) ,  500 m in u te s ,  u n t i l  t h e  p r o d u c t s  were a p p a r e n t l y  s o l i d .  
The tu b e s  were co o led  i n  s o l i d  carbon  d io x id e  and t h e  g l a s s  was b roken  
away from th e  p r o d u c t s ;  t h i s  p r o c e s s  h a d ,b e e n  found to  be f a c i l i t a t e d  
by t h e  u se  o f  s o l i d  ca rb on  d i o x i d e .  The p r o d u c t s ,  on r e a c h i n g  room- 
t e m p e r a tu re  were found to  be s l i g h t l y  s o f t ,  r u b b e r y  s o l i d s .  
C o p o ly m é r i sa t io n  w i th  St y r e n e .
2 , 2 ' - a z o i s o b u t y r o n i t r i i e  [ ( i ) ,  0 . 1545 ; ( i i ) ,  0 . 2208 g.J  was 
d i s s o l v e d  i n  s t y r e n e  f*( i ) ,  4 5 *3 2 ; ( i i ) ,  35 .12  g .J  and m -am inos ty rene  
[ ( i ) , 24*80; ( i i ) ,  20,09  g*J • Eàch s o l u t i o n  was d i v id e d  i n t o  two 
a p p ro x im a te ly  e q u a l  p o r t i o n s  and s e a l e d  i n  g l a s s ,  t u b e s  u n d e r  n i t r o g e n .  
The t u b e s  were h e a t e d  a t  ( i ) ,  78 1 , 1 ;  ( i i ) ,  80 1 1° f o r  ( i ) ,  28;
( i i ) ,  10 h o u r s .  The p r o d u c t s  were o b t a i n e d ,  as  above, as s l i g h t l y  
s o f t ,  r u b b e r y  s o l i d s .
P u r i f i c a t i o n  o f  t h e  Homopolymers and Copolymers.
Homopolymer ( l )  was d i s s o l v e d  i n  d imethylform am ide  (75 m l . ) ,  i . e .  
20^ 0 w/v, g iv in g ,  a v i s c o u s  s o l u t i o n  f r e e  o f  u n d i s s o l v e d  m a t e r i a l .  T his  
s o l u t i o n  was added dropwise. to  w a te r  (600 m l . )  w i th  h ig h  speed 
m ec h an ica l  s t i r r i n g .  The p r e c i p i t a t e d  p ro d u c t  was f i l t e r e d ,  u s i n g  a 
Buchner fu n n e l  w i th o u t  f i l t e r . p a p e r ,  t h e  f i b r o u s  p r o d u c t  formimg i t s  
own f i l t e r - p a d ;  i n  t h i s ,  way th e  p ro d u c t  was n o t  co n tam in a te d  by ^
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c e l l u l o s e  f i b r e s ,  The. p r o d u c t  was washed w i th  w a te r  (500 m l . )  and 
m ethano l  (2  x 100 m l , )  and d r i e d  a t  reduced  p r e s s u r e  ove r  anhydrous 
c a lc iu m  c h l o r i d e  and p a r a f f i n  wax. I t  weighed 6 .5 1  g .  i . e .  43^ y i e l d .  
N i t r o g e n  a n a l y s i s  Found: N, 1 1 .8 4 ;  C a lc u la t e d  f o r  C^H.N: N, 11.76>^.
Homopolymer ( I I )  y i e l d e d  7 .3 5  g.  i . e .  53^ o f  r e p r e c i p i t a t e d  p r o d u c t .  
N i t r o g e n  a n a l y s i s  Found; N, 1 1 .6 6 ^ ,  , -
A . p o r t i o n  o f  copolymer. ( l )  ( 15 g .  ) was h e a t e d  w i th  d im ethy lform am ide  
(150  m l . ) ,  i . e .  lO'fo w/v,  w i th  s t i r r i n g  f o r  s e v e r a l  h o u r s  on a s t e a m - b a th .  
The r e s u l t i n g  s o l u t i o n  was p a l e  ye l low  and c o n ta in e d  a sm a l l  q u a n t i t y  
o f  u n d i s s o l v e d  m a t e r i a l .  T h is  was removed by f i l t e r i n g  t h e  s o l u t i o n  
th ro u g h  a Gooch c r u c i b l e  w i th  an a s b e s t o s  pad .  I t  was n e c e s s a r y  to  
change t h e  pad f r e q u e n t l y ,  which r e s u l t e d  i n  t h e  l o s s  o f  some o f  th e  
m a t e r i a l .  The f i l t r a t e  was added dropw ise  to  w a te r  ( l . 5  L . ) w i th  h ig h  
speed m ech an ica l  s t i r r i n g  and th e n  t r e a t e d  i n  t h e  same manner as  th e  
homopolymers. I t  weighed 10 .1  g .  i . e .  67^ y i e l d .
Found f o r  th e  d ry  copolymers ( a )  C, 8 8 .0 4 ;  H, 7 .6 6 ;  N, 4 .2 1 ^ .
(b )  C, 8 8 .1 5 ;  H, 7 .6 2 ;  N, 4 .2 3 ^ .
C a lc ,  f o r  CgHgS OgH N - 2 . 0 0  : 1: C, 8 8 .0 4 ;  H, 7 .7 0 ;  N, 4 .28/ : ,
Copolymer ( l l )  ( 5 5 - 2  g . )  was t r e a t e d  s i m i l a r l y  and y i e l d e d  32 .5  g , ,
i . e .  59^ o f  t h e  d ry  p r o d u c t .
The homopolymer and copolymer formed w i th  0 . 2 /  i n i t i a t o r  have  been  
d e s i g n a t e d  homopolymer ( l )  and copolymer ( l )  and th o s e  w i th  0 - 4 /  
i n i t i a t o r ,  homopolymer (X l)  and copolymer ( l l ) .
-  67 -
De t e r min a t i o n  o f  t h e  I n t r i n s i c  V i s c o s i t i e s  o f  th e  Homopolymers and 
Copolymers .
The i n t r i n s i c  v i s c o s i t y ,  i s  d e f i n e d ;
[ 1 ] ,
2 .3 0 3
r e l a t i v e
- r -  C ^ lO  * s o l n .
where, c i s  t h e  c o n c e n t r a t i o n  i n  g .  p e r  100 ml.  s o l u t i o n
t  . i s  t h e  f l o w - t im e  o f  t h e  s o l u t i o n  i n  seconds  soxn.
t ^ o i v  th e  f l o w - t im e  o f  t h e  s o l v e n t  i n  seconds
The v i s c o s i t y  d e t e r m i n a t i o n s  on t h e  polymers  were  c a r r i e d  o u t  i n  
0 . 5/  s o l u t i o n s  a t  24 .77  1 0 . 0 5 ° ,  u s i n g  a U - tuhe  v i s c o m e t e r ,  B. S. 188, 
No. 1.  Each polymer sample  was d r i e d  a t  4 0 ° / l  mm. f o r  s e v e r a l  h o u r s .  
Choice, o f  S o l v e n t . -  The s o l u b i l i t i e s  o f  t h e  po lym ers  were o b se rved  
q u a l i t a t i v e l y  i n  t h e  f o l l o w i n g  s o l v e n t s  a t  ro o m - te m p e ra tu re ;
Homopolymers Copolymers
S o lv e n t ( 1 ) ( 11 ) ( l ) ( I I )
Dimethylformamide: + + + +
Benzene - — + +
Toluene. - - + +
A n i l in e + + +
P y r i d i n e + + + +
Dimethylformamide was s e l e c t e d  as s o l v e n t ,  b u t ,  i t  was found 
t h a t  an a g in g  e f f e c t  was p r e s e n t .  The v i s c o s i t y  o f  t h e  s o l u t i o n  
d e c r e a s e d  w i th  t im e ;  t h e  r e s u l t s  f o r  a s o l u t i o n  o f  copolymer ( l l )  a r e  
shown i n  Table  ( X I l ) ,
— 68 “
V i s c o s i t y  measurements  o f  Copolymer ( Tl) i n  D im ethy lform am ide .
c c  0 .4980 g . / lOO m l . ;  lo g  = 2 . 5 2 4 5
The f i r s t  r e a d i n g  was s t a r t e d  50 m inu te s  a f t e r ,  t h e  a d d i t i o n  o f  t h e  s o l v e n t  
t o  th e  copolymer.
T ab le  ( X I l )
Time (m in . ) F low-t im e  ( s e c . ) ["lie
0 — 309.4 0 .7 6 81 1 - - 308 .4 .76217—— 308.0 .75925—— 307.4 .755
5 5 - - 507.0 .75242— 506.4 .748 :
54— 505.6 .743170—— 299.4 .702
175’“— 299.4 .702180— 299.2 .701230 — 297.3 .688236— 297.0 .686
241— 296.6 .683296— 295.0 .672302—— 294.8 .671,1370— 278.6 .5571377— 278.4 .5551383— 278.4 .5551455— (2 8 0 .3 ) ( -5 7 0 )1440— 278.0 .5551445— . 278.0 .5551490— . 277.8 .552
1495— 277.8 .5521730— 276.4 .5411755— 276.4 - .5412810— 273.2 .518
2815— 273.2 .518
2930— , 273.0 .51729 5 5- - 273.2 .5183050— 272.6 .5153055— 272.8 .5153170— 272.6 .5134250— 272.0 .5094255— 272.6 .513426O— 272.4 .512  .
69 -
S u b s e q u e n t ly ,  f r e s h l y  d i s t i l l e d ,  a n i l i n e  was used  as s o l v e n t  and 
t h e s e  s o l u t i o n s  were found to  be s t a b l e ^  i . e .  t h e  v i s c o s i t i e s  o f  th e  
s o l u t i o n s  were c o n s t a n t  w i th  t im e .  The r e s u l t s  f o r  th e  two homopolymers 
and two copolymers  are- shown i n  T ab le  ( x i l l ) .
Table  ( X I I l )
r
c
( g . /lOO m l . )
t s o l n .  
( s e c . )
C l l c
S o lv e n t a . 961.1(before-  polymer r u n s )
b 9 62 .4 2.9842
S o lv e n t a ___ 964.6
( a v e rage )
( a f t e r  polymer r u n s )
b 965.7
Homopolymer ( l ) a 0 .4965 1243.1 5 .0952 0 . 51( 5 )
b .5005 1247.0 5.0966 0 . 51( 7 )
Homopolymer ( l l ) a .4985 1189.4 5.0759  ■ 0 . 42( 4 )
b .4945 1189.4 5.0759 0 . 42( 7 )
Copolymer ( i ) a .4970 1620.5 5.2105 1 .0 4 ( 7 )
b . .4950 1603.6 5 .2057 1 . 0 3 ( 0 )
c .5035 1623.8 5 .2114 1 .0 4 (0 )
Copolymer ( u  ) a . 4980 1207.7 5.0820 0 . 45( 2 )
b .5020 1208.4 5.0820 0 . 44( 9 )
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Pr e p a r a t i o n  o f  4 - n i troouniene^”^ ^^^^^^^ from 118)^
A m ix tu re  o f  n i t r i c  a c id  ( d . 1 .4 2 ;  100 g . )  and s u l p h u r i c  a c id  
( d .  1 . 8 4 ; 200 g*) f  co o led  to  a tem pera tu re ,  o f  - 1 0 °, was added d ropw ise  
o v e r  a p e r i o d  o f  3 h o u r s  to  r e d i s t i l l e d  cumene ( h . p .  149 . 5- 152 . 5 °;
101 g . ; 0 .840  m o le . )  w i th  m ec h an ica l  s t i r r i n g ,  th e  t e m p e r a tu r e  b e in g  
m a in t a in e d  between 0 and 5 ° on an i c e - s a l t  b a th  and a l s o  by th e  a d d i t i o n  
o f  s o l i d  carbon  d i o x id e  to  t h e  r e a c t i o n  m i x t u r e .  On com p le t io n  o f  t h e  
a d d i t i o n  o f  th e  a c i d s  s t i r r i n g ,  on th e  i c e - s a l t  b a t h ,  was c o n t in u e d  
f o r  a  f u r t h e r  h o u r .
The r e a c t i o n  m ix tu r e  was t h e n  poured on to  c ru sh ed  i c e  (/^O.5 L . )  
and th e  p ro d u c t  e x t r a c t e d  w i th  e t h e r .  The combined e t h e r - e x t r a c t s  were 
washed f r e e  o f  a c i d  w i th  w a te r  and d r i e d  o v e r  anhydrous p o ta s s iu m  
c a r b o n a t e .  The e t h e r  was removed by d i s t i l l a t i o n  and th e  p ro d u c t  , 
f r a c t i o n a l l y  d i s t i l l e d  t h r o u g h  a 12’* e l e c t r i c a l l y  h e a t e d  Vigreux  column. 
R e s u l t s
F r a c t i o n ,  Col . Temp. Bath  Temp. Weight B o i l i n g  P o i n t  n^^
1 ,1 0 0 °  134-136° 6 .84  g 1 1 8 - 1 2 2 ° / l5  mm 1.529Q ‘
2 100° 134-136° 9 .6 3  g 1 2 2 - 1 2 7 ° / l4 . 5  mm 1 .5284
3 100° 136-144° 77 ,24  g 1 2 7 - 1 3 2 ° / l4 .5  mm 1,5310
4 no c o l .  145-150° 37 ,74  g 1 3 2 - 1 3 8 ° / l5  mm 1.5345
T o t a l  y i e l d  o f  n i t ro -com pounds ,  131.45 g . ; 0 .7 9 6  m o le . ,  i . e .  9 5 / .  
Y ie ld  o f  4-n i trocumene.  ( f r a c t i o n s  3 and 4 ) ,  114-98 g . ;  0 ,6 9 7  m o le . ,
i . e .  8 3 / .
R e s u l t s  o f  r e p e a t - ' p r e p a r a t i ons
Cumene T o t a l  i i i t ro~comp.  4 -n i t r o c u m e n e  ( n f ^ ) l . 5 3 1 0 )
220 g . ;  1 .8 2  mole .  ' 82^6 47^
480 g . ;  3.96  mole .  85^  53^
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Pr e p a r a t i o n  o f  4 -c u m id in es s t a n n o u s  c h l o r i d e  and h y d r o c h l o r i c  a c id  were
115 n oused  i n  t h e  same q u a n t i t i e s  as i n  t h e  r e d u c t i o n  o f  m-ni t r o  s t y r e n e  * .
4 -Nitrocum ene  (1 3 ,6 5  g . ;  0 .0 8 3  m o l e , ) ,  h y d r a t e d  s ta n n o u s  c h l o r i d e  
(71  g . ) ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  (47 m l . )  and 96/  e th a n o l  (25 m l . )  
were h e a te d  und e r  r e f l u x  f o r  15 m in u te s .  The r e a c t i o n  m ix tu r e  was 
coo led  and t e s t e d  f o r  u n r e a c t e d  n i t ro -c o m p o u n d .  There  b e in g  none p r e s e n t ,  
i t  was made a l k a l i n e  w i th  a s o l u t i o n  o f  sodium hy d ro x id e  ( l lO  g . )  i n  
w a te r  ( 36O m l . )  and t h e  whole s t e a m - d i s t i l l e d .  The d i s t i l l a t e  was 
e x t r a c t e d  w i th  benzene  and th e  b e n z e n e - e x t r a c t s  d r i e d  o v e r  anhydrous 
p o ta s s iu m  c a r b o n a t e .  The s o l v e n t  was removed by d i s t i l l a t i o n  and the- 
p ro d u c t  d i s t i l l e d  u n d e r  r edu ced  p r e s s u r e .
R e s u l t s
One f r a c t i o n  o n l y ,  b . p .  1 1 2 - 1 1 3 .5 ° / l 9  mm.; 1 .5450 ;  6 .8 4  g . ; 6 l / .  
R e s u l t s  o f  r e p e a t - p r e p a r a t i o n s
F u r t h e r  q u a n t i t i e s  have been  o b ta in e d  i n  86, 65 and 6 8 /  y i e l d s .  
P r e p a r a t i o n  o f  4-cumi d i n e .
4-Nitrocumene  ( 5 0 .0  g . ; 0 .3 0 2  m o l e . ) ,  Rahey N ick e l*  (0 ,7 5  g . ) and 
96/  e t h a n o l  (50 m l . )  were p la c e d  i n  a h y d r o g e n a to r  bomb and s u b j e c t e d  
to  a p r e s s u r e  o f  78 a tm ospheres  o f  hydrogen a t  a maximum t e m p e r a t u r e  o f  
123° u n t i l  no more hydrogen  appeared  to  be talc en u p .  The a p p a r a t u s  was 
a l lowed to  coo l  o v e r n i g h t .  The r e a c t i o n  m ix tu re  was removed, poured  i n t o  
w a te r  (1 L .)  and t h e  p r o d u c t  e x t r a c e d  w i th  e t h e r .  The e t h e r - e x t r a c t s  
were d r i e d  o v e r  anhydrous po ta s s iu m  c a r b o n a t e .  The s o l v e n t  was removed 
*Eaney N i c k e l ,  B .B .E. ( S t a b i l i s e d ) .
The p e l l e t s  o f  wax c o n t a i n i n g  th e  n i c k e l  c a t a l y s t  were c ru sh ed  and 
th e  wax removed by t h r i c e  w ash ing  w i th  96/  e th a n o l  o v e r  a = p er io d  o f  30 
m in u te s .
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by d i s t i l l a t i o n and th e  p ro d u c t  d i s t i l l e d  und e r redu ced  p r e s s u r e .
R e s u l t s
F r a c t i o n Weight B o i l i n g  P o i n t
1 ’ 1 ,00 g -104  ° AO mm
2 24.26 g 104- 107°A o  mm 1.5406
3 7 .6 2  g 1 07-109 °A o  mm 1.5411
T o ta l  y i e l d ,  32 .88  g . ; 0 .243  m o l e . ; 81^.
R e s u l t  o f  r e p e a t - p r e p a r a t i o n
4-Nitrocumene  (290 g . ; 1 .75  m o l e . ) ,  w i th  Raney N ic k e l  ( 4 .5  g . )
96/  e th a n o l  (lOO m l . ) ,  a t  a p r e s s u r e  o f  75 a tm ospheres  o f  hydrogen
a,maximum t e m p e r a tu r e  o f  129 ° ,  has  been red uced i n  8 6 /  y i e l d .
F r a c t i o n Weight B o i l i n g  P o i n t
1 2.59  g 1 0 0 -1 02 ° /8  mm 1.5426
2 184 .62  g 102-104° /8  mm 1.5422
3 12 .35  g 104-106° /S mm 1.5420
4 4 .35  g 1 0 8 -1 12 ° /a  mm
118P r e p a r a t i o n  o f  4- a cetaminocuiinene .
4“ Cumidine ( 2 9 .8  g . ; 0 .2 2  m o le . )  was h e a t e d  u n d e r  r e f l u x  w i th  an 
a p p ro x im a te ly  e q u a l  volume o f  r e d i s t i l l e d  a c e t i c  a n h y d r id e  f o r  3 h o u r s .  
The h o t  r e a c t i o n  m ix tu r e  was poured  on to  i c e  (200 g . )  g i v in g  a 
c o l o u r l e s s  o i l  which r a p i d l y  s o l i d i f i e d  to  a cream s o l i d  which was 
f i l t e r e d  o f f ,  washed w i th  w a te r  and r e c r y s t a l l i s e d  from aqueous a l c o h o l .  
R e s u l t s
T o ta l  y i e l d ,  37 .73  g . ; 0 .2 1  m o le . ;  9 6 / ;  m.p.  1 0 4 -1 0 4 .5 ° .
Re s u l t s  o f  r e p e at - p r e p a r a t i o n s .
F u r t h e r  q u a n t i t i e s  have been  a c e t y l a t e d  i n  92 and lOO/ y i e l d s .
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120P r é p a r a t i o n  o f  4 - a c e t a m i n Q - 3- n i t i " o c u m e n e
To a m ix tu r e  o f  n i t r i c  a c i d  ( d .  1 .4 9 ,  11 m l . )  and g l a c i a l  a c e t i c  
a c id  (6 g . ) ,  coo led  to  0 -5 °  on an i c e - b a t h ,  4 - a c e t aminocumene ( 6 . 0  g . ) 
was added i n  sm al l  p o r t i o n s  o v e r  a  p e r io d  o f  30 m in u te s ,  t h e  t e m p e r a tu re  
b e in g  m a in t a in e d  a t  0 - 5 ° .  The r e a c t i o n  m ix tu re  was a l lowed  to  s t a n d  on 
th e  i c e - b a t h  f o r  a  f u r t h e r  2 h o u r s  w i th  o c c a s i o n a l  sh a k in g  and th e n  
poured  i n t o  w a te r  ( l 5 0  m l . )  g i v i n g  a y e l lo w  s o l i d  which was f i l t e r e d  
o f f ,  washed f r e e  o f  a c id  w i th  w a te r  and a i r - d r i e d  (5 .6 5  g , ) .
The c ru de  p r o d u c t  was e x t r a c t e d  w i th  b o i l i n g  l i g h t  pe t ro leu m  
( b . p .  60 -8 0 ° )  i n  th ree -  p o r t i o n s  t o t a l l i n g  40 ml,  and on c o o l i n g  t h e r e  
s e p a r a t e d  from t h e  combined e x t r a c t s  a p a le  y e l lo w  s o l i d ,  m.p.- 7 5 -7 6 ° .  
A f t e r  r e c r y s t a l l i s a t i o n  from m e th y la t e d  s p i r i t  i t  had m.p.  8 0° .
From th e  e x t r a c t i o n  o f  th e  c rude  p ro d u c t  t h e r e  remained a cream 
s o l i d  (1 .5 0  g. ) which was r e a d i l y  s o l u b l e  i n  m ethano l  and on r e c r y s t ­
a l l i s a t i o n  from m e t h y l a t e d  s p i r i t  had m.p. 216-217° ,  and a f t e r  a 
second r e c r y s t a l l i s a t i o n ,  m.p.  2 1 6 .5 -2 1 7 ° .
I d e n t i f i c a t i o n  o f  t h e  b y - p r o d u c t .
121C a r p e n te r ,  E a s t e r  and Wood have su g g e s te d  t h a t  t h i s  compound i s  
4 - a c e t a m i n o - 3 ,5 - d i n i t r o c u m e n e  and th e y  r e c o r d  th e  m e l t i n g  p o i n t  as 
215-216° and t h a t  o f  th e  f r e e  amine as 1 4 9 -1 4 9 .5 ° .
T e s t s  p e r f o r med on t h e  b y - p r o d u c t  ;
1) m.p.  2 1 6 .5 -2 1 7 ° .
2 ) Ja n o w sk y 's  t e s t  f o r  n i t ro -co m p ou n ds  gave a  deep ye l low  c o l o u r a t i o n .
3 ) T r e a te d  w i th  sodium b i c a r b o n a t e  s o l u t i o n .  Wo r e a c t i o n  o c c u r r e d  
t h e r e f o r e  no c a r b o x y l i c  g roups  p r e s e n t .
4 ) N i t r o g e n  a n a l y s i s .  Founds N, 1 5 . 7 9 / ,  3?equiress N, 1 5 . 7 2 / .
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5) A p o r t i o n  o f  t h e  m a t e r i a l  was h e a te d  u n d e r  r e f l u x  w i th  c o n c e n t r a t e d  
h y d r o c h l o r i c  ac id  and 96/  e t h a n o l  f o r  80 m in u te s ,  co o led  and made 
a l k a l i n e  w i th  d i l u t e  sodium h y d ro x id e  s o l u t i o n .  A y e l lo w  s o l i d  was 
p r e c i p i t a t e d  which was f i l t e r e d  o f f ,  washed w i th  w i th  w a te r  and 
r e c r y s t a l l i s e d  from benzene c o n t a i n i n g  a l i t t l e  m e th an o l ;  i t  had m.p.
149 . 5- 150° .
6) A p o r t i d h ^ b f  t h e  m a t e r i a l  was h y d ro ly se d  as above and th e  s o l u t i o n  . 
was e v a p o ra te d  u n t i l  s o l i d  m a t e r i a l  was p r e c i p i t a t e d  o n . c o o l i n g .  The 
s o l i d  was f i l t e r e d  o f f ,  and r e c r y s t a l l i s e d  from w a te r  g i v i n g  b r i g h t  
y e l lo w  n e e d l e s ,  m.p.  150 .5 -151  .
7 ) A l i t t l e  o f  t h e  h y d r o l y s a t e  (5 )  was coo led  to  0 -5°  and t r e a t e d  . 
w i th  a s o l u t i o n  o f  sodium n i t r i t e ,  No d i a z o t i s a t i o n  o c c u r r e d .
N i t r a t i o n s ,  o f  4 -ao e tam in o cu men e ,  w i th  v a r i o u s  m ix tu r e s  o f  c o n c e n t r a t e d  
and fuming n i t r i c  a c i d s .
The d e n s i t i e s  o f  th e  two a c i d s  were f i r s t  d e te rm in e d  and found to  be;
c o n c e n t r a t e d  a c id  d .  1 ,408  at,  27 .5°
fuming a c id  d.  1 ,487 a t  27 .5°
P o r t i o n s  o f  4-acetaminocumene ( 5 .0  g . )  were n i t r a t e d  u s i n g  14 g. 
o f  th e  n i t r i c  a c id  m ix tu r e s  i n  g l a c i a l  a c e t i c  a c id  f o l lo w in g  th e  
p r e v io u s  method. I t  was n o te d  t h a t  t h e  c o lo u r  o f  t h e  c rude  p r o d u c t ,  . 
o b t a i n e d  when th e  r e a c t i o n  m ix tu r e  was poured i n t o  w a t e r ,  deepened ,  
c o n s i d e r a b l y  w i th  t h e  i n t r o d u c t i o n  o f  th e  a c id  d .  I . 4I .
• The r e s u l t s  o f  t h e s e . e x p e r im e n ts  a re  shown i n  T ab le  (xiv).
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R e s u l t s
T ab le  (Xiv)
4 -a c e ta m in o ­ HO Ac cHMO, 
( g . )  ,
fMO^ R at io T o ta l D i n i t r o Mononitro
cumene. (g*) ( g .  ) c / f ( g . ) ( g .  ) / (g .  )
5 ,0 5 .0 0 .0 14 .0 0 ! 1 5 .11 1,37 18 .2 3 .74 5 9 .7
5 .0  . 5 .0 4 .6 7 9 .3 4 1 : 2 5 .06 1 .42 18 .8 3 .64 58 .1
5 .0 5 .0 7 .0 7 .0 1 : 1 4.96 1.40 18.6 3 .56 5 6 .8
5 .0 5 .0 9 .3 4 4 .6 7 2 Î 1 4 .96 1 .44 19.1 3 .5 2 56 .1
P r e p a r a t i o n  o f  4-a 'Qètamino—3—nit&gcumene (m o d if i e d  from 12 l )
A n i t r a t i o n  m ix tu re  was p r e p a r e d  by m ix ing  t o g e t h e r  a t  a t e m p e r a t u r e  
below 20°,  n i t r i c  a c id  (d^  , 1 .4 8 7 ;  30 g . ) ,  g l a c i a l  a c e t i c  a c id  (85 g . ) 
and a c e t i c  a nhydr ide  (65 g . ) .
The m ix tu r e  was coo led  to  5 -10°  and to  i t  was added ove r  a  p e r i o d  
o f  30 m in u te s ,  4-acetaminocumene ( 2 8 .3  g . ; 0 .160  m o l e , ) ,  t h e  t e m p e r a tu re  
b e in g  m a in ta in e d  between 5 and 10° .  The r e a c t i o n  m ix tu re  was a l low ed  to  
s t a n d  a t  t h i s  t e m p e r a tu re  f o r  a f u r t h e r  2 h o u r s  w i th  o c c a s i o n a l  s t i r r i n g  
and t h e n  poured i n t o  i c e d  w a te r  (400 m l , ) .  The p r o d u c t  was f i l t e r e d  
o f f  a lm ost  im m e d ia te ly  and washed f r e e  o f  a c id  w i th  w a te r  { ^ 1 ,5  L . ) .  I t  
was a l lowed to  a i r - d r y  and th e n  e x t r a c t e d  w i th  b o i l i n g  l i g h t  p e t ro leu m  
( b . p .  6 0 - 8 0 ° ) .  The s o l v e n t  was removed by d i s t i l l a t i o n  and th e  p ro d u c t  
r e c r y s t a l l i s e d  from 7 0 /  e t h a n o l .
R e s u l t s
Y i e ld ,  23.0 g . ;  0 .1 0 3  m o le . ;  6 4 / ;  m.p. 7 9 .5 - 8 0 ° .
R e s u l t s  o f  r e p e a t - p r e p a r a t i o n s ,
4-acetaminocumene: mononit ro  comp, d i n i t r o  comp. ' ’
80 .0  g . ;  0 .45 1  mole .  7 5 /  4 /
7 8 .7  g . ;  0 .443  mole .  7 3 /  1 /
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121P r e p a r a t i o n  o f  4 -a j i i i n o - 3 - n i t r o c umene
50/  P o ta ss iu m  h y d ro x id e  s o l u t i o n  ( l 5  g*) was added s lo w ly  to  a 
r e f l u x i n g  s o l u t i o n  o f  4 - a c e ta m in o - 3 - n i t r o c u m e n e  (2 1 :3  g. ; 0 .9 7  mole..) 
i n  96/  e th a n o l  (29 m l . )  and t h e  whole f u r t h e r  r e f l u x e d  f o r  15 m in u te s .  
The s o l u t i o n  was poured  i n t o  w a te r  (200 m l . )  g i v i n g  a da rk  heavy o i l  
which was removed by a s e p a r a t o r y  f u n n e l  and on c o o l i n g  y i e l d e d  a 
y e l lo w  s o l i d ,  m.p.  31*5°.  A f u r t h e r  q u a n t i t y  o f  t h i s  m a t e r i a l , which had 
rem ained  suspended i n  t h e  r e a c t i o n  m ix t u r e  was o b t a i n e d  by e x t r a c t i o n  
w i th  e t h e r .
A f t e r  s u c c e s s iv e  r e c r y s t a l l i s a t i o n s  from aqueous m e th y la t e d  s p i r i t  
t h e  p ro d u c t  had m .p ,  3 6 - 3 6 .5 ,  3 5 - 3 5 .5 ,  3 5 .5 ° .
R e s u l t s
T o t a l  y i e l d ,  1 7 ,7  g . ; 0 .9 7  m o le , ;  lOO/.
121P r e p a r a t i o n  o f  3- n i t rocumene .
The above 4 -am ino-3“n i t ro c u m e n e  ( 1 . 6 2  g . ) ,  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c id  ( 4 .4  m l . )  and 96/  e t h a n o l  (lO m l . )  were h e a t e d  g e n t l y  u n d e r  r e f l u x  
and a s o l u t i o n  o f  sodium n i t r i t e  ( AnalaR; 1 .50  g , ) i n  w a te r  ( 2 . 5  m l . )  
was added over  a  p e r i o d  o f  15 m in u te s .  The s o l u t i o n  w a s , r e f l u x e d  f o r  a 
f u r t h e r  10 m inu tes  and t h e n  s t e a m - d i s t i l l e d , ^ T h e  d i s t i l l a t e  was 
e x t r a c ^ d  w i th  benzene  and th e  e x t r a c t s  washed w i th  a 5 /  s o l u t i o n  o f  
sodium c a r b o n a te  fo l lo w ed  by w a te r  and t h e n  d r i e d  o v e r  anhydrous 
p o ta s s iu m  c a r b o n a t e .  The s o l v e n t  was removed by d i s t i l l a t i o n .  The sm a l l  
q u a n t i t y  o f  p ro d u c t  was n o t  d i s t i l l e d .
25 D
In  th e  f o l l o w in g ,  4 - ace tam ino -3**nitrocumene was h y d ro ly se d  as above,
Y ie ld ,  0 .4 7  g . ;  3 2 / ;  n^^ 1 .5 2 80 ,
. - -  7 7 ...............
and th e  amine, i s o l a t e d  by e t h e r e a l  e x t r a c t i o n ,  a t  once re d u c e d .
P r e p a r a t i o n  o f  3 - n i t r o cumene^”^ ^^^^^^^ from 120
4“A m ino-3-n i t rocum ene,  [from 4 - ace t am ino-3 -n i t rocum ene  ( 6 7 .1  g . ;
0 .3 0 2  mole .  Q ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  ( 14O m l . )  and 96/  e th a n o l  
(150 m l , )  were  p l a c e d  i n  a  2 l i t r e  round-bo t tom ed  f l a s k .  The s o l u t i o n  
was coo led  to  0 to  -5 °  on an i c e - s a l t  b a t h  and t o  i t  was added, w i th  
s t i r r i n g ,  a s o l u t i o n  o f  sodium n i t r i t e  (AnalaR; 21.0  g . ; 0 .305  m o le . )  i n  
w a te r  (50 m l . )  o v e r  a  p e r i o d  o f  30 m in u te s ,  t h e  t e m p e r a tu r e  b e in g  
m a in ta in e d  between 0 ar^ .d - 5 ° .  The r e a c t i o n  m ix tu r e  was a l lowed to  s t a n d  
a t  a  t e m p e ra tu re  o f  0 -5 °  f o r  2 ho u rs  w i th  o c c a s i o n a l  s t i r r i n g ,
50/  Hypophosphorous a c id  (170 m l , ) ,  p r e c o o le d  t o  0 ° , was added w i th  
s t i r r i n g  over  a p e r i o d  o f  30 m in u te s ,  t h e  t e m p e r a t u r e  b e in g  m a in t a in e d  
a t  0 - 5 ° .  The r e a c t i o n  m ix tu r e  was a l lowed to  s t a n d  on th e  i c e - b a t h  f o r  
a f u r t h e r  2 hours, and th e n  p l a c e d  i n  a  r e f r i g e r a t o r ,  a t  a t e m p e r a tu re  
o f  ^ 5 °  f o r  90 h o u r s .
The r e a c t i o n  m ix tu r e  was s t e a m - d i s t i l l e d  and th e  d i s t i l l a t e  e x t r a c t e d  
w i th  e t h e r .  The e x t r a c t s  were d r i e d  o ve r  anhydrous po tas s ium  c a r b o n a t e ,  
the: s o l v e n t  removed by d i s t i l l a t i o n  and t h e  p ro d u c t  d i s t i l l e d  u n d e r  
reduced  p r e s s u r e .
R e s u l t s
F r a c t i o n  Weight B o i l i n g  P o i n t  ' n^^
1 0 .4 7  g - 7 0 , 5 ° / 0 . 4 5 - 0 . 5  mm
2 29.71  g 7 0 . 5 - 7 1 ° / 0 . 4 5 -0 .5  mm 1.5292
3 3 .8 3  g 7:1% . 4 5 - 0 . 5  mm 1.5302
T o ta l  y i e l d ,  34 .01  g . ; 0 .2 0 6  m o le . ;  6 8 / .
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R e s u l t s  o f  r e p e a t - p r e p a r a t i o n s .
F u r t h e r  q u a n t i t i e s  o f  4 -am in o -3 -n i t ro cum en e  have been deam ina ted  
i n  54 and 7 1 /  y i e l d s .
P r e p a r a t i o n  o f  3-aminocumene,
The s tan n o u s  c h l o r i d e  and h y d r o c h l o r i c  a c id  m ethod^^^ '^^^  , as  f o r  
4-aminocumene, was u se d .
Q u a n t i t i e s  used  i n  a t y p i c a l  run  a re  shown below;
3 -  n i t rocum en e  (3 4 .0  g . ;  0 .2 0 6  m o le . )
S tannous  c h l o r i d e  h y d r a t e  (215 g . )
C o n c e n t r a t e d  h y d r o c h l o r i c  a c id  ( l 4 3  m l . )
96/  E th a n o l  (70 m l . )
R e s u l t s
T o ta l  y i e l d ,  24.1  g . ; 0 .178  m o le . ;  8 7 / .
F r a c t i o n  Weight B o i l i n g  P o in t
1 0 .5 0  g 5 4 -5 5 ° / 0 . 4 mm
2 5 .60  g 5 5 - 5 7 . 5 % . 4  mm 1.5435
3 18 .00  g 5 7 . 5 % . 4  mm 1.5440
R e s u l t  o f  r e p e a t - p r e p a r a t i o n .
3-Nitrocumene ( l 4 . 2  g . ; 0 .0 8 6  m o le . )  has  been  r e d u c e d ,  as above,  
and th e  p ro d u c t  o b t a i n e d  i n  8 2 /  y i e l d .
P r e p a r a t i o n  o f  3 -cum id ine  h y d r o c h l o r i d e .
3-Aminocumene (23*60 g . ; 0 .175  m o le . )  was t r e a t e d  w i th  h y d r o c h l o r i c
a c id  (25  m l . ) .  The r e s u l t i n g  s o l u t i o n  was a l low ed  to  co o l  to  room-
te m p e r a tu re  and f i n a l l y  c h i l l e d  on i c e .  The s o l i d  was f i l t e r e d  o f f ,
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r e c r y s t a l l i s e d  from benzene (800 m l . )  and d r i e d  u n d e r  reduced  p r e s s u r e  - 
o v e r  anhydrous ca lc iu m  c h l o r i d e ,  sodium h y drox ide  p e l l e t s  and p a r a f f i n  
wax.
R e s u l t s
F i r s t  c rop  21.39 g * , m .p .  158-158 .5°
Second c rop  1 .40  g . , m.p.  156 .5 -158°
T o ta l  y i e l d ,  ,22.79 g . ,  0 .133  m o le . ;  7 6 / .
A sm a l l  p o r t i o n  was f u r t h e r  r e c r y s t a l l i s e d  and had  m.p. 1 5 8 ,5 -1 5 9 ° .
A c h lo r id e '  i o n  d e t e r m i n a t i o n  was t h e n  pe rform ed on th e  p r o d u c t  u s i n g
122a s t a n d a r d  Volhard  t e c h n iq u e
C h lo r id e  io n  found:  20 .67 ,  20 .61 ,  2 0 . 63/ .
C h lo r id e  io n  c a l c u l a t e d  f o r  C^ÏÏ^^CIN: 2 0 .6 5 / .
P r e p a r a t i o n  o f  a n i l i n e  h y d r o c h l o r i d e .
Anil ine .  ( A na la r  ; 30 g . ; 0 . 3 2  m o le . )  was t r e a t e d  w i th  h y d r o c h l o r i c
a c i d  (45  m l . ) .  The r e s u l t i n g  s o l u t i o n  was a l lowed to  c o o l  to  room-
te m p e r a tu r e  and f i n a l l y  c h i l l e d  on i c e .  The s o l i d  p ro d u c t  was f i l t e r e d
o f f ,  d r a in e d  w e l l  and r e c r y s t a l l i s e d  from m e th y la t e d  s p i r i t .  The
r e c r y s t a l l i s e d  m a t e r i a l  was i n i t i a l l y  a i r - d r i e d  and f i n a l l y  d r i e d  a t
room&temperatur© o v e r  phosphorus  p e n to x id e  a t  5 mm. p r e s s u r e .  I t  had
m .p .  2 0 0 .5 -2 0 1 ° .
A c h l o r i d e  i o n  d e t e r m i n a t i o n  was t h e n  perform ed on t h e  p ro d u c t
122u s i n g  a  s t a n d a r d  Volhard  t e c h n iq u e
C h lo r id e  i o n  found :  2 7 .33 ,  2 7 . 3 2 / .
Chloride- io n  c a l c u l a t e d  f o r  CgHgClN; 27*36/ .
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P r e p a r a t i o n  o f  aqueous m e th a n o l io  s o l u t i o n s  o f  t h e  h y d r o c h l o r i d e s  o f ;
a) a n i l i n e
b )  m-cumidine
c) m-aniinostyren© homo polymers ( l )  and ( l l )
d) s ty r e n e - m - a m in o s ty re n e  copolymers ( l )  and ( l l )
( a )  and (b )  S o l u t i o n s  o f  t h e  h y d r o c h l o r i d e s  o f  a n i l i n e  and m-cumidine ,  
i n  50 s 50 ( v / v )  m ix tu r e s  o f  w a te r  and m e th an o l ,  c o n t a i n i n g  14*90 x lO” ^ 
m o l e . / l 5 0  ml.  were p r e p a r e d  d i r e c t l y  by w e ig h t ,
( c )  Homopolymer ( l )  (1 .8 0 5  g .  ) was t r e a t e d  w i th  t h e  e q u i v a l e n t  o f  
s t a n d a r d  ( .1 .00(7)  N-) h y d r o c h l o r i c  a c id  and m ethanol  (40 m l . ) .  I t  was 
t h e n  warmed f o r  30 m in u te s  to  d i s s o l v e  th e  polymer,  g i v i n g  a p a l e . y e l l o w  
s o l u t i o n .  Methanol (710 m l . )  and w a te r  (735 m l . )  were added and th e  
s o l u t i o n  f i l t e r e d .
T his  s o l u t i o n  was s t a n d a r d i s e d  by r e p r e c i p i t a t i o n  o f  t h e  o r i g i n a l  
po lymer ,  from a measured volume o f  th e  s o l u t i o n ,  u s i n g  sodium h y d ro x id e  
s o l u t i o n .  The polymer was f i l t e r e d  o f f ,  washed and d r i e d  to  c o n s t a n t  
w eigh t  a t  110°; th e  d e t e r m i n a t i o n  was r e p e a t e d .
The s o l u t i o n  c o n ta in e d  15 .35  x lO"^ m o l e . / l 5 0  ml.
A s o l u t i o n  o f  t h e  h y d r o c h l o r i d e  o f  homopolymer ( l l )  was s i m i l a r l y  
p r e p a r e d  c o n t a i n i n g  15 .16  x l0~^  m o l e . / l 5 0  ml.
( d )  Copolymer ( l )  (4 .2 1 9  g . ) was h e a t e d  w i th  an e x c e s s  o f  h y d r o c h l o r i c  
a c id  (lOO m l . )  and m ethano l  ( 0 . 5  m l . ) ,  n e c e s s a r y  to  wet th e  po lym er ,  f o r  
2 h o u r s  on a s t e a m - b a t h .  The m ix tu re  was d i l u t e d  w i th  w a te r  (600 m l . )
and th e  s o l i d  f i l t e r e d  o f f  a t  t h e  pump. I t  was washed w e l l  w i th  w a t e r ,  
d r a i n e d  and t r a n s f e r r e d  to  a l a r g e  f l a s k .  I t  was d i s s o l v e d  i n  m ethanol  
(644. m l . )  and th e n  w a te r  (644 m l . )  was added.
 ^/I,T h is  s o l u t i o n  was s t a n d a r d i s e d ,  as above, and c o n ta in e d  14.90 x 10*
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m o l e . / l 5 0  ml.
A s o l u t i o n  o f  t h e  h y d r o c h l o r i d e  o f  copolymer ( l l )  was s i m i l a r l y  
p re p a re d  c o n t a i n i n g  15 .04  x 1 0 m o l e . / l 5 0  ml.
* The t e rm in o lo g y  o f  mole ,  and m ola r  w i th  r e s p e c t  t o  t h e  po lym er ic
amines h a s  been  a p p l i e d  th ro u g h o u t  w i th  r e f e r e n c e  to  t h e  ave rage
r e p e a t i n g  u n i t s  o f  t h e  p o lym er ic  c h a i n s .  In  t h e  c a se  o f  th e  homopolymers
t h i s  has  been assumed to  be C^H„N and f o r  t h e  copolymers  CLHo :o y o  o
CgHgN=2.00 : 1.
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S e c t i o n  ( 2 ) .  ' .
D e te r m in a t io n  o f  t h e  R a te s  o f  Decom posi t ion ,  i n  a c i d i c ,  aqueous 
m e th a n o l i c  s o l u t i o n ,  o f  t h e  Diazonium C h lo r id e s  d e r i v e d  from t h e  Amine 
H y d ro c h lo r id e  s o l u t i o n s .
E x p er im e n ta l  P ro c ed u re  ( l ) -  d eco m p o s i t io n  i n  s o l u t i o n  o f  n o r m a l i t y  
0.056  w i th  r e s p e c t  to  t h e  i n i t i a l  e x ce ss  o f  h y d r o c h l o r i c  a c i d .
( i )  The aqueous m e th a n o l i c  s o l u t i o n  o f  th e  h y d r o c h l o r i d e  ( l 5 0  m l . )  
was p i p e t t e d  i n t o  t h e  c o n i c a l  r e a c t i o n - f l a s k .
( i i )  H y d ro c h lo r i c  a c id  ( l . O  m l . )  was added from a p i p e t t e  w i th  th e
m agne t ic  s t i r r e r  sw i tc h e d  on.
( i i i )  The s o l u t i o n  was c o o le d  to  0 -5°  on an i c e - b a t h .
( i v )  Sodium n i t r i t e  (AnalaR; 3 /  i n  e x ce ss  o f  th e  e q u i v a l e n t  o f  amine 
p r e s e n t )  i n  w a te r  (5*0 m l . )  was added o v e r  a p e r io d  o f  one 
m i n u t e .
* ■
(v )  Water ( 2 5 .0  m l . )  was added by p i p e t t e  ove r  a p e r i o d  o f  2-3  
m in u te s .
( v i )  The s o l u t i o n  was a l low ed  to  s t a n d  a t  a t e m p e r a tu re  o f  0 -5 °  f o r  
a f u r t h e r  2 h o u r s  w i th  s t i r r i n g ,
( v i i )  The s t i r r e r  was sw i tc h e d  o f f  and n i t r o g e n  was passed  th ro u g h
t h e  s o l u t i o n  f o r  30 m in u te s .
( v i i i )  The n i t r o m e t e r  was a d j u s t e d  t o  i t s  z e r o - p o i n t .  The g r o u n d - g l a s s  
j o i n t ,  c o n n e c t in g  th e  r e a c t i o n  v e s s e l  t o  t h e  n i t r o m e t e r ,  was 
t r e a t e d  w i th  a  l i t t l e  s i l i c o n e  g r e a s e .  The r e a c t i o n - f l a s k ,  s t i l l  
on t h e  i c e - b a t h ,  was connec ted  to  t h i s  j o i n t ,  f i g .  4, w i th  t h e  
t a p  s e t  t o  t h e  a tm osp he re .  The t a p  was t h e n  r o t a t e d  th ro u g h  180° 
to  connect,  t h e  f l a s k  to  t h e  n i t r o m e t e r .  The f l a s k  was removed
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from th e  i c e - b a t h  and p lac ed ,  i n  th e  t h e r m o s t a t .  The m agn e t ic  
s t i r r e r  was sw i tc h ed  on.
( i x )  The volume o f  evo lved  n i t r o g e n ,  th e  n i t r o m e t e r  t e m p e r a tu r e  and 
t h e  a tm o sp h e r ic  p r e s s u r e  were n o ted  a t  measured i n t e r v a l s  o f  
t im e .  The r e a d i n g  when no change, i n  volume had been o b se rv ed  
ove r  a p e r i o d  o f  2 h o u r s  was a c c e p te d  as  t h e  f i n a l  volume o f  
evo lved  n i t r o g e n .
E x p er im e n ta l  P ro c ed u re  ( 2 ) -  de co m p o s i t io n  i n  s o l u t i o n  o f  n o r m a l i t y  
0 .640  w i th  r e s p e c t  to  t h e  i n i t i a l  e x c e s s  o f  h y d r o c h l o r i c  a c i d .
The r a t e  o f  d e co m p o s i t io n  o f  copolymer ( l l ) - d i a z o n i u m  c h l o r i d e  o n ly ,  
was f u r t h e r  s t u d i e d  i n  t h i s  h i g h e r  c o n c e n t r a t i o n  o f  th e  i n i t i a l  e x c e l s  
o f  h y d r o c h l o r i c  a c id  a c c o rd in g  to  t h e  m o d i f ied  p r o c e d u r e ;
( i )  to  ( i v )  as b e f o r e .
(v )  Water ( I 6 .O ml^) was added from a b u r e t t e  o v e r  a p e r i o d  o f  2-3 
minutes*
( v i )  and ( v i i )  as  b e f o r e .
( v i i ) a  H y d ro c h lo r i c  a c id  ( 9 .0  m l . )  was added from a b u r e t t e .
( v i i i )  and ( i x )  as b e f o r e .
Trea tm ent  o f  R e s u l t s .
By a s e r i e s  o f  b l a n k  ru n s  i t  was found t h a t  t h e  c o n t e n t s  o f  t h e  
r e a c t i o n - f l a s k  re a c h e d  an e q u i l i b r i u m  te m p e r a tu re  w i th  the  t h e r m o s t a t  
i n  a p p ro x im a te ly  15 m in u te s ;  t h r e e  t y p i c a l  r e s u l t s  a re  shown o v e r l e a f .
In  consequence; an a r b i t r a r y  z e r o - t im e  f o r  t h e  r e a c t i o n ,  o f  20 
m in u te s  a f t e r  o p e r a t i o n  ( v i i i )  was s e l e c t e d .  . , • '
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Time 
( m i n , )
Tempera ture
(*o)
0 1.50 2.85 3 .8
10 29.65 29.75 29.6511 29.80 29.85 29.8012 29.85 29.90 29.90
13 29.90 29.95 29.95
14 29.96 29.98 29.98
15 29.99 30.00 30.0016 30.00 30.00 30.00
17 30.00 30.00 30.00
T em pera tu res
u n c o r r e c t e d
I t  i s  known ( p .  44-46)  t h a t  th e  d e co m po s i t io n  o f  d iazonium c a t i o n s  
i n  a c i d i c  aqueous s o l u t i o n  i n  g e n e r a l  fo l lo w s  a u n i m o l e c u l a r  r e a c t i o n  
law;
The r e s u l t s  o b t a i n e d  i n  t h e  deco m p os i t ion  e x p e r im e n ts  perform ed 
were t r e a t e d  on th e  b a s i s  o f  t h i s  e q u a t io n .
The measured volumes o f  n i t r o g e n  evolved  d u r i n g  th e  deco m p o s i t io n  
were  c o r r e c t e d  t o  s t a n d a r d  c o n d i t i o n s ,  namely, 0°C; 760 mm., and th e n c e  
to  moles o f  n i t r o g e n .
N i t r o g e n  evo lved  =  Volume x 273 % (P -p ^ )
( m o l e . ) 22410 X (T+273) x 760
Where P i s  t h e  a tm o sp h e r ic  p r e s s u r e ,  p, t h e  vapour  p r e s s u r e  o f  w a te r  
,125a t  T"C‘
The r e s u l t s  were p l o t t e d  as L o g . ( - - - )  a g a i n s t  t im e  ( i n  m i n u t e s ) .
whereby;
k =  2.303 X Slope  o f  t h e  g rap h ,  sec  
60
-1
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R e s u l t s
T herm osta t  t e m p e r a tu r e  30.00 t  0 .0 1 °  ( u n c o r r e c t e d ) . .
29 ,83  * 0 .0 5 °  ( c o r r e c t e d ) .
Atmospheric  p r e s s u r e s  were d e te rm in ed  w i th  a F o r t i n  ba ro m e te r  
( c a l i b r a t e d  to  0*05 mm. H g . ) .
N i t r o m e te r  t e m p e r a t u r e ,  r e a d a b l e  to  0 . 0 2 ° .
N i t r o m e te r  c a l i b r a t e d  to  0 . 2  m l . ,  r e a d a b l e  to  0 .0 2  ml.
Rate  o f  f low o f  c i r c u l a t i n g  w a te r  ^1100 m l . / m in .
In  each o f  t h e  f o l l o w i n g  g rap h s  th e  t ime axes  have been  succe ss iv e ly -  
d i s p l a c e d  i n  o r d e r  to  accommodate a l l  t h e  r e s u l t s  f o r  a p a r t i c u l a r  
ru n  i n  th e  same d iag ram .  For th e  sake  o f  c l a r i t y  n o t  a l l  o f  t h e  
e x p e r i m e n t a l l y  d e te rm in e d  r e s u l t s  have  been i n c o r p o r a t e d  i n t o  t h e s e  
d iag ram s .
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Connect ing  tube
Cas b u r e t t e  
(100 D l l . )
R eac t io n  v e s s e l  
(181 m l . )
Water s a t u r a t e d  
w i th  n i t r o g e ni o l y t h e n e -
se a le d
m eta l  s t i r r e r
F ig u re  4 .
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a) Benzenediazonium c h l o r i d e .
T ab le  ( XV)
Time Logc(~§^)
( m i n , ) ( i ) ( i i ) ( i i i ) ( i v ) (v )
0 0.000 0 .000 0 .000 0 .000 0 .000
5. .011 .010 .012 .014 .01210 ,029 .025 .024 .029 .02415 .042 .056 .059 .045 .05920 .054 .049 .055 .058 .05225 .072 .065 .070(26) .075 .06750 .085 .076 .081 .087 ,08155 .100 .092 .096 .102 .09640 .112 .106 .111 ' .117 . 114 ( 4 1 )45 .127 .120 ,126 .152 .12550 .145 .154 .140 . 146 .140
55 .160 .147 .154 .156 .15560 .175 .162 ,169 .174 .16965 .191 .177 .184 .191 .185 .70 .204 .195 .199 .207 .19975 .224 .206 .215 .222 .21480 .254 .220 ,225 .257 .22685 ,250 .256 .245 .254 .24490 . 266 .251 .260 .‘269 .25995 .282 .267 275 .285 .275100 .296 .281 .288 .500 .288105 .296 .505 .516 .505110 .555(16.) . 514( 1 1 ) .520 .551 .519120 .551 .540 .550 .'565 .550150 .587 .570 .579 .594 .578140 .419(41) .400 .426 .408150 .448 . 455( 5 1 ) .442 .457160 .479 .458 .488 mm «.mm'170 .521 .506(75) .500 .497180 .546 .520 .555190 .589 .552 .565 . 592( 9 2 ) .560
The b r a c k e t e d  f i g u r e s  i n d i c a t e  t im e s .
The f i n a l  s o l u t i o n ,  i n  each ru n  was s l i g h t l y  brown.
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b)  m-Cumenediazonium c h l o r i d e .
Table  (XVl)
Time 
( m i n . )
Log.
( i ) ■ ( i t ) ( i i i ) ( i v )
0 0 .000 0.000 0.000. 0.0001 .015 .015 .017 .0162 .050 .051 .032 . : .034
3 .048 .053 .048 .0544 .065 .067 .067 . .0735 .081 .084 .085 .0886 .101 .108 .105 ,111
7 .118 .128 .122 .1278 .135 .149 .158 .1489 .152 .165 .162 .16910 .175 .189 .180 .19011 .192 .205 .194 .20712 .212 .224 .218 .250
' 13 .228 , .244. .253 .24514 .247 .261 .251 .268
15 .266 .280 .269 .28416 .287 .298 .292 .500
17 .305 .320 .309 .31818 .520 , .541 .326 .337 .
19 .338 .354 .345 : .35320 .355 .572 .364 .37322 .385 .406 ,398 .408
24 .428 .440 .433 . .44625 .446 .468 .46526 .461 .492 .470 .480
28 .494 ' .532 .502 .51330 .529 .569 .535 .54935 .605 .667 — — .638
40 .676 .747 .704 .71945 .745 .840 .773 .79850 .821 .908 .858 .87355 .878 .977 ^  —“ .93160 .940 1.059 .984
The f i n a l  s o l u t i o n ,  i n  each c ase  was r e d .
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c) Homopolymer ( l)>"diazonium c h l o r i d e .
Table  (XVIl)
Time 
( m i n . )
L o g . ( - f - )
( i ) ( i i ) ( i i i ) ( i v )
0 0 .000 0.000 0 ,000 0 .000
1 .007 .006 .008 .0082 .014 .016 .015 .015
3 .023 .024 .022 .0234 .031 ,032 .032 .0335 .038 .041 .042 .0446 .050 .051 .052 .0547 .058 .063 .061 .0638 .065 .071 .070 .0739 .076 .081 .079 .08310 .085 .089 .089 .09312.5 .107 .112 .110 .118
15 .130 .136 .132 .14317.5 .152 .160 .158 .16520 .177 .181 .181 ,186
22.5 .198 .204 .205 .210
25 .222 .225 .225 .23327.5 .244 .251 .248 .25630 .268 .276 .271 .282
32.5 .289 .304 .293 .30635 .310 .322 .316 .332
37.5 .332 .342 .336 .35540 .351 .366 .360 .382
45 .395 .404 .400 .42250 .438 .444 .444 . 46855 .477 .491 .482 .51260 .514 .532 .533 .55165 .550 .570 .574 .59770 .592 .611 .612 .63475 _ .635 .650 .651 .67980 .680 .690 .696 .720
85 .727 • .730 .739 .76290 .774 .776 .787 .806
: 95 .811 ,825 . .828 .847100 .835 .857 .874 .882110 .928 .933 .956120 1 .008 .993 1.020 1.023130 1.059 1.093 1.092140 1.159 1.116 1.158 1 .1 6 2150 1 .208 1.175 1.222 1 . 219160 1.284 1 .218 1.276 1.276
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GRAPH (V)
Decomposition o f  Homopolymer ( I )~diazonium Chlor ide .
( i v )
- 0.8
-  0.-7
Log• ( ———)a-x
-  0 .5
-  0 .4
-  0 . 3
- 0 . 2
-  0..1
0 20 60 100 140Time (m in.)
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c)  Homopolymer ( I l ) - d i a zoniinn c h l o r i d e .
Table  (XVII l)
Time 
( m i n . ) ( i ) ( i i ) • ( i i i ) ( i v )
0 0 ,000 0 .000 0 .000 0.0001 .006 .009 .009 .0052 .014 .016 .016 .013
, 3 .024 .024 ..027 .021
4 .034 .035 .035 .0275 .046 .040 .048 .0376 .052 .047 .058 .046
7 .058 .058 .069 .0558 .072 . .066 .076 .065
9 .082 .077 .087 .07510 .095 .090 .099 .084
12 .5 .117 .115 .119 .10315 .145 .141 . 146 .126
17 .5 .164 .161 » .169 .14520 .185 .186 .191 .16922.5 .206 .203 .213 .19125 . 237 .221 .231 .21327.5 . 266 .243 .256 .23650 .287 .264 .279 .258
52.5 .517 . .290 .301 .27955 .559 .514 .325 .50357.5 .356 *335 .348 .52340 .576 .555 .370 .54345 .420 .595 .414 .58350 .464 .457 .454 .424
55 .507 .480 .492 .46960 .545 .521 .551 .50765 .581 .557 .574 .55070 .619 .599 .610 .59975 .661 .656 .658 .63480 .710 .702 .699 .67185 .754 .731 .71390 .784 .778 .768 .746
95 ,818 .821 .805 .782100.. .852 ,844 .815110 .935 .929 .914 ,851120 1 .002 .998 .979 .948130 1.070 1.057 1 .034 1.016140 1 ,122 1.117 1 .0 8 2 1.070150 1 .1 7 4 1.180 1 .127 1.121160 1,220 1.247
:
1 .182 1.179
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GRAPH (VI)
Decomposition o f  Homopolymer ( I I ) -«diazonium Ch lo r id e
( i v )
-  0 .7
—  0 .6
  0 m3
— 0 *4
-  0..2
-  0 . 1
0 20 60  . 100 
Time (m in .)
140
■ -  95 -
d) Go polymer ( l ) -d iazo n iu m  c h lo r id e - .
T ab le  (XIX)
Time 
( m i n . )
L o g .( - j
( i ) ( i i ) ( i i i ) ( i v )  ■
0 0.000 0.000 0.000 0 .0002 ,017 .015 .016 .0154 .051 .050 .050 .0526. .047 .048 .045 .0478 .065 .065 .060 .065
.10 .082 .079 .080 .08515 .142 .139 .158 .14520 .190 .166 . .184 ,190  '25 .251 .222 .225 .25030 .272 ,267 .265 .26235 .515 .510 .505 .50240 . 365( 4 1 ) .353 . .348 .34845; .398 .393 .586 .39150 .442 .455 .429 .43055 .482 .474 .467 .46660 .521 .514 .50565 .560 .556 .543 - .54370 . 603( 7 1 ) .581 .579 ,58775 .656 .581 .617 .62380 .674 .626 .652 .66485 *714 .675 .690 .69690 *■— — .720 .724 .73395 .779 .761 ,759 .763100 .815 .790 .790 .801
105 ——— .821 (06) .820 .826110 .'878 .846 .843 .855115 .909 .882 .870 .886120 .931 .908 .905 .919125 .967 .935 .927 .944150 .984 .953 .945 .967140 1.059 1,000 1 .025 1.008
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GRAPH ( V I I )
Decomposition o f  Copolymer ( l ) -d ia zo n iu m  Chlor ide .
i v )— 0 .9 ( i i )
—  0 . 8
-  0 .7
Log.(
-  0 .5
-  0 .4
-  0 , 2
-  0 . 1
600 20 100 140Time (m in .)
-  97 -
d) Copolymer ( l l ) - d i a z o n i u m  c h l o r i d e .
T ab le  (XX)
?....... . .......  “
Time
(m in .)
L o g . ( - ! z )
■ ( i ) ( i i ) ( i i i ) ( i v )
0 0 .0 0 0  . 0 .00 0 0 .0 0 0 0 .0002 ' .017 .016 .022 .015•4 .032 .033 .040 .0336 .048 .050 .059 .0578 .064 .065 .075 .07510 .079 .084 .095 *09312 .5 —— .115 .125 .12015 .132 .147 .151 .14317 .5 .170 .176 .16220 .193 .199 .182- 25 .2 5 6 (2 8 ) .235 .241 . 22430 .272 .275 .287 .26835 .312 .315 .328 .30840 .361 .354 .373 .34845 .402 .396 .416 ,38850 . . 446 ’ .438 .458 .428 .55 .486 .479 .498 .46860 .527 .517 .543 .50565 .567 .558 .581
. 70 .606 .591 .628 rnmrnmmm75 .648 .630 ,662 .616 "80 .686 .664 .703 .655- 8 5 .717 .698 .735 .689
90 .754 .731 .777 .72295 .790 .764 .787 .745100 .824 .799 .829 .782105 . 864 ( 0 6 ) .832 ,.8 7 2 .8 2 6 (0 7 )110 .890 .862 .902 .846120 .959 .917 .981 .897130 1 .013 .973 1 .043 .950140 1.065 1 .0 3 2 .999
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GRAPH ( V I I I )
Decomposit ion o f  Copolymer ( l l ) - d ia z o n iu m  Chloride
-  0 .9
0.8
Log.( a-x
0..6
140100Time (min. )
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e) Copolymer (Il)-diazonium chloride (higher acid concentration).
Table (XXl)
Time 
(m ia , ) ( i ) ( i i )
0 0 .00 0 0 .000
1 .010 .010 '2 .018 .0 22
5 .026 .0334 .035 .044
5 .044 .0516 .053 .0627 .065 .0698 .077 .078
9 .085 .08910 .096 .100 •
1 2 .5 .114 .126
15 .137 .14717 .5 .160 .16920 .181 .186
25 .224 .22730 .265 .276
35 .310 .322
40 .360 .368
45 .401 .408
50 .445 .447
55 .481 .49660 .524 .55565 .560 .59470 .602 .62375 .640 .660
80 .6 7 7 .694
85 .719 .73590 .757 .769
95 .787 .799100 .826 .841
105 .675 .871110 .899 .904120 .958 .969130 1 .022 1.018
140 1.081 1.075
0»  1 0 0  — '
GRAPH (IX )
Decomposit ion o f  Copolymer ( l l) -dia%onium C h lor id e .
( Higher acid c o n c en tra t io n )
( i i )
-  0 . 8
-  0 .7
Log. ( a~x
—  0 . 6
-  0 .5
0.1
600 20 100 140ime (min,.)
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S e c t io n  ( 3 ) .
P ro d u c ts  o f  th e  D ecom position  R e a c t i o n s .
Benzenediazonium  c h l o r i d e .
a)  A n i l in e  h y d r o c h lo r id e  (12 -96  g . ; 0 .1 00  m o le . )  was d i s s o lv e d  i n  
m ethano l (75 m l . ) ,  w a te r  (6 m l . )  and 2,00 N ~ h y d ro c h lo r ic  a c id  (100 m l , ) .  
The s o l u t i o n  was co o le d  to  0 -5*  and to  i t  was added sodium n i t r i t e  
( 7 ,11  0 .1 0 3  m o le .)  d u r in g  35 m in u te s .  The s o l u t i o n  was m a in ta in e d
a t  t h i s  tem p era tu re ,  f o r  2 h o u r s ,  w i th  o c c a s io n a l  s t i r r i n g ,  and th e n  
k e p t  a t  3 0 * f o r  48 h o u r s .  The whole was s t e a m - d i s t i l l e d ;  th e  f i r s t  p a r t  
o f  th e  d i s t i l l a t e ,  c o n ta in in g  m e th an o l ,  was f u r t h e r  d i l u t e d  w ith  w a te r ;  
t h e  d i s t i l l a t e s  were e x t r a c t e d  w i th  e t h e r  and th e  combined e x t r a c t s  
s u b je c te d  to  a  c o n v e n t io n a l  s e p a r a t i o n  o f  a c i d i c  and n o n - a c id ic  
com ponents. There  were o b ta in e d  p h e n o l ,  4 .2 7  g . , which y i e ld e d  p heny l 
b e n z o a te ,  m .p . 6 9 ° , and a m ix tu re  o f  a n i s o l e  and c h lo ro b e n z e n e . T h is  
was i d e n t i f i e d  and i t s  c o m p o s it io n  d e te rm in e d  by com parison  o f  th e  two 
p eaks  shown on i t s  g a s - l i q u i d  chromatogram w ith  th o s e  f o r  t h r e e  m ix tu re s  
o f  known q u a n t i t i e s  o f  a u t h e n t i c  a n i s o l e  and c h lo ro b e n z e n e .  T here  were 
foun d , a n i s o l e ,  1.4,8 g . ; c h lo ro b e n z e n e ,  0 .4 2  g .
A 120 cm. column o f  20^ sq u a la n e  on 100-120 mesh C e l i t e - 5 4 5  was 
u sed  a t  77*.
b )  The p ro c e d u re  was a s  above e x c e p t  t h a t  th e  i n i t i a l  s o lv e n t  was 
composed o f  1 1 .73  N -h y d ro c h lo r ic  a c id  (67  m l . ) ,  m ethano l (75 m l . )  and 
w a te r  (39  m l . ) .  There  were o b ta in e d ,  p h e n o l ,  3 .5 2  g . ; a n i s o l e ,  1 .3 4  g : ;  
c h lo ro b e n z e n e ,  2 .20  g .
From th e  s t e a m - d i s t i l l a t i o n s  t h e r e  rem ained  d a rk  r e s i d u e s  which 
w ere  f i l t e r e d  o f f ,  washed w ith  w a te r ,  d r i e d  and w eighed , ( a ) ,  O . I 69 g . ;
-  102  -
( b ) ,  0 ,0 5 4  g .  In  t h e s e  r e s i d u e s  a  g re y  powder was a p p a re n t ;  i t  was 
s e p a r a te d  m an u a lly  and s e v e r a l  t im e s  r e c r y s t a l l i s e d  from w a te r  when i t  
had m .p . 1 6 6 .5 ° ,
P o ly m e r ic .
The p r e c i p i t a t e s  from th e  r a t e - d e t e r m i n a t i o n  r u n s  were c o l l e c t e d ,  
washed w ith  h o t  w a te r  u n t i l  th e  w ash ings were f r e e  from c h lo r i d e  io n ,  
and d r i e d  a t  110*/a tm o s p h e r ic  p r e s s u r e .  F u r t h e r  d r y in g  f o r  a n a l y s i s  was 
c a r r i e d  o u t  a t  4 0 ° / l  mm.
Found: f o r  th e  p ro d u c t  from homopolymer ( l ) :  G, 7 8 .7 7 ;  H, 6 .5 1 ;
C l, 3 .1 4 ;  N, 2 ,5 2 ;  0 ,  8 .7 4 ^ .
f o r  th e  p r o d u c t  from copolym er ( l ) :  C, 8 6 .9 5 ;  H, 7 .3 1 ;  01 , 1 .1 2 ;  
K, 0.88; 0, 4,44^.
-  103 “ . .
S e c t io n  ( 4 )..
Replacem ent R e a c t io n s  o f  th e  Diazonium Groups d e r iv e d  from th e  P rim ary
125Amino Groups o f  th e  Homopolymers and Copolymer ( l l ) .
The; r e a c t i o n s ,  to  be d e s c r ib e d ,  have a l l  been  c a r r i e d  o u t  u s in g  
0 .005  mole p o r t i o n s  o f  t h e  homopolymers and copo lym er. In  o r d e r  to  
o b t a i n  homogeneous s o l u t i o n s  o f  th e  d iazonium  s a l t s  o f  th e  copolym er 
i t  h a s  been  n e c e s s a r y  to  u se  as s o lv e n t  a 50 î 50 m ix tu r e ,  by volume, 
o f  m ethanol and w a te r .
H igher c o n c e n t r a t i o n s ,  th a n  i n  th e  k i n e t i c  s t u d i e s ,  o f  th e  homo­
polym er and copolym er d iazon ium  s a l t s  have  been u s e d .
P r e p a r a t io n  o f  s o l u t i o n s  o f  th e  d iazonium  c h l o r i d e s .
Homopolymers ( l )  and ( l l ) .
The homopolymer (0 .0 0 5  m o le .)  was d i s s o lv e d  i n  1 .0  H -h y d ro c h lo r ic  
a c id  ( 25.0  m l . ) ,  c o o led  to  0 -5* and sodium n i t r i t e  (0 .3 4 6  g . ; 3^  i n  
e x ce ss  o f  t h e o r e t i c a l )  i n  w a te r  (10 m l . )  added o v e r  5 m in u te s  w ith  
s t i r r i n g ;  th e  whole was a llow ed  to  s ta n d  a t  0 -5 * ,  w i th  o c c a s io n a l  
s t i r r i n g ,  f o r  a f u r t h e r  h o u r .  The r e s u l t i n g  s o l u t i o n  was c l e a r ,  homo­
geneous and p a le  y e l lo w .
Copolymer ( l l )
The: copolym er (O.OO5 m o le . )  was c o n v e r te d  to  th e  h y d ro c h lo r id e  by 
b o i l i n g  w ith  e x c e s s  h y d r o c h lo r i c  a c id  (15 m l . )  f o r  15 m in u te s .  The 
r e a c t i o n  m ix tu re  was d i l u t e d  w i th  w a te r  (lOO m l , ) ,  th e  p ro d u c t  f i l t e r e d  
o f f ,  washed w ith  w a te r  (50 m l . ) ,  d r a in e d  and d i s s o lv e d  i n  m ethano l 
(100  m l . ) .  W ater (lOO m l . )  was added . The s o l u t i o n  was f i l t e r e d  and 
h y d r o c h lo r i c  a c id  ( 2 .O m l . )  added w ith  s t i r r i n g .  T h is  s o l u t i o n  was 
c o o le d  to  0-5* and sodium n i t r i t e  (0 .3 4 6  g . ; 3^ i n  e x c e ss  o f  t h e o r e t i c a l )
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i n  w a te r  (10 m l . )  added o v e r  5 m in u te s  w ith  s t i r r i n g ;  th e  whole was 
a llow ed to  s ta n d  a t  0 - 5 ° ,  w i t h , o c c a s io n a l  s t i r r i n g ,  f o r  a f u r t h e r  h o u r .  
The r e s u l t i n g  s o l u t i o n  was c l e a r ,  homogeneous and p a le  y e l lo w . 
P r e p a r a t io n  o f  s o l u t i o n s  o f  th e  d iazonium  b ro m id e s .
Homopolymer ( l l ) .
The p ro c e d u re  was as  f o r  th e  c h l o r i d e ,  th e  h y d r o c h lo r i c  a c id  b e in g  
r e p la c e d  by 1 .0  N -hydrobrom ic a c id .  On c o o l in g  th e  s o l u t i o n  o f  th e  
hydrobrom ide to  0 -5 °  i t  was found t h a t  s a l t  p r e c i p i t a t e d  from s o l u t i o n .  
However, a d d i t i o n  o f  f u r t h e r  w a te r  (10 m l . )  p roduced  a homogeneous 
s o l u t i o n .
Copolymer ( l l ) .
The; p ro c e d u re  was as f o r  th e  c h l o r i d e ,  th e  h y d r o c h lo r i c  a c id  b e in g  
r e p la c e d  by /^5  N -hydrobrom ic a c id  (20 and 4*0 m l. r e s p e c t i v e l y ) .  The 
r e s u l t i n g  d iazonium  b rom ide  was i n  th e  form o f  an o f f - w h i t e ,  f i n e ,  
m ilk y  su s p e n s io n .
Replacem ent o f  th e  d iazon ium  group  by c h l o r i n e .
Homopolymer ( l ) .
The d iazon ium  c h l o r i d e  s o l u t i o n  was added d ropw ise  o v e r  10 m in u te s  
to  a s o l u t i o n ,  h e a te d  to  6 0 ° ,  o f  cup rous  c h lo r id e *  (0 .9 9  g . ) d i s s o lv e d  
i n  h y d r o c h lo r i c  a c id  ( 20 m l . ) .  The r e a c t i o n  m ix tu re  was m a in ta in e d  a t  
t h a t  te m p e ra tu re  f o r  a  f u r t h e r  *20 m in u te s .  The p ro d u c t  was f i l t e r e d  
o f f ,  washed f r e e  o f  c h lo r i d e  io n s  w ith  b o i l i n g  w a te r  (4  x 200 m l . )  and 
d r i e d  a t  7 0 ° ,  I t  was o b ta in e d  as a g re y  powder.
R e s u l t s
( i )  ( i i )
W eight o f  p ro d u c t  0 .6 4 8  g .  0 .6 5 2  g .
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Sodium f u s i o n  -  t e s t  f o r  e le m e n ts  N absent. H -ab sen t
Cl p r e s e n t  Cl p r e s e n t
Ash t e s t .  S l i g h t  r e s i d u e s  g iv in g  Cu f lam e t e s t
A n a ly s is  -  Found: C, 7 0 .7 4 ;  H, 5 ,4 0  0 , 7 0 .5 0 ;  H, 5 .25
Cl, 22 ,17  C l, 22.29
Calculated for CgH„Cls.C, 6 9 . 3 3 } H, 5 .0 9 ; Cl, 2 5 .58#
Copolymgr ( I I  ) .  '
The d iazonium  c h l o r i d e  s o l u t i o n  was added d ropw ise  o v e r  30 m in u te s  
to  a s o l u t i o n ;  i n i t i a l l y  h e a te d  to  60° , o f  cup rous  c h lo r id e * ( 0 .9 9  g . )  
i n  h y d r o c h lo r i c  a c id  (20 m l . ) .  As th e  a d d i t i o n  o f  th e  d iazonium  c h l o r i d e  
s o l u t i o n  p roceeded  th e  r e a c t i o n  m ix tu r e  was a llow ed  to  r e f l u x  i n  th e  
m ethano l p r e s e n t .  On co m p le t io n  o f  th e  a d d i t i o n  th e  r e a c t i o n  m ix tu r e  
was r e f l u x e d  f o r  a f u r t h e r  30 m in u te s .  The p ro d u c t  was f i l t e r e d  o f f ,  
washed f r e e  o f  c h l o r i d e  io n s  w ith  b o i l i n g  w a te r  ( l6 0 0  m l. i n  200 m l, 
p o r t i o n s )  and d r i e d  a t  70*. I t  was o b ta in e d  as  a  g re y  powder.
R e s u l t s  ( i )  ( i i )
Weight o f  p ro d u c t  1 .600  g .  1 .607  g .
,
Sodium f u s io n  -  t e s t  f o r  e le m e n ts  M a b s e n t  N a b s e n t
Cl p r e s e n t  Cl p r e s e n t
Ash t e s t  S l i g h t  r e s i d u e s  g iv in g  Cu flam e t e s t
A n a ly s is  -  Found: C, 8 4 .6 2 ;  H, 7 .0 1  C, 8 4 .3 4 ;  H, 6 .7 2
C l, 6 .0 1  C l, 7 .3 2
C a lc u la te d  f o r  Cg^Hg-Cl: C, 8 3 .1 2 ;  H, 6 .6 8 ;  C l ,  1 0 .2 2 #
* P r e p a r a t i o n  o f  c u p ro u s  c h l o r i d e .
C upric  s u lp h a te  (6 g . )  and sodium c h lo r i d e  (2  g . )  were d i s s o lv e d  i n
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w a te r  (20 m l . ) .  The s o l u t i o n  was h e a te d  to  60° and red u ced  w ith  s u lp h u r  
d io x id e .  I t  was co o le d  to  ^ 2 0 °  and th e  s o l i d  cuprous  c h lo r i d e  f i l t e r e d
o f f .  T h is  was washed w i th  w a te r  (20 m l . )  and e t h e r  (20 m l . )  and d r i e d
u n d e r  red u ced  p r e s s u r e .
To i n d i c a t e  t h e  m agn itude  o f  t h e  r e s i d u e s  from th e  ash  t e s t ,  which 
was g r e a t e s t  i n  th e  copolym er ( l l )  c h lo r i n e - r e p l a c e m e n t , a  s i n g l e  
q u a n t i t a t i v e  d e te r m in a t io n  was p e rfo rm ed .
R e s u l t s
W eight o f  m a t e r i a l  ta k e n  0 .1 7 7 2  g .
W eight o f  r e s i d u e  0 .0 0 0 0 (5 )  g . , 0 .0 3 ^
Replacem ent o f  th e  d iazon ium  group  by b ro m in e .
Homopolymer ( l l ) .
The d iazonium  brom ide s o l u t i o n  was added d ropw ise  to  a  s o l u t i o n ,  
h e a te d  t o /^ 7 0 ° ,  o f  cup rous  brom ide* (1 ,4 3 5  g . ) ,  p o ta s s iu m  brom ide ( 4 . 2  g . )  
c o n c e n t r a te d  hydrobrom ic  a c id  (20 m l . )  i n  w a te r  (20 m l . )  and m a in ta in e d  
a t  t h a t  te m p e ra tu re  f o r  a f u r t h e r  20 m in u te s .  The p ro d u c t  was f i l t e r e d  
o f f ,  washed f r e e  o f  brom ide io n s  w i th  b o i l i n g  w a te r  (2  L . j i n  200 m l. 
p o r t i o n s )  and d r i e d  a t  7 0 ° .  I t  was o b ta in e d  as a  b u f f  powder.
R e s u l t s  ( i )  ( i i )
W eight o f  p ro d u c t  0 .8 4 3  g* 0 .8 3 8  g .
Sodium f u s io n  -  t e s t  f o r  e le m e n ts  N a b se n t  W a b se n t
Br p r e s e n t  Br p r e s e n t
Ash t e s t  S l i g h t  r e s i d u e s  g iv in g  Cu f lam e t e s t
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A n a ly s is  -  Found; C, 5 3 .7 9 ;  H, 4 .1 8  C, 5 3 .9 5 ;  H, 4 .0 9
B r, 39 .56  Br, 37 .33
C a lc u la te d  f o r  CgH„Br; C, 5 2 .4 8 ;  H, 3 .8 5 ;  B r, 4 3 .6 6 #
Copolymer (X l ) .
The m ilky  su s p e n s io n  o f  d iazonium  brom ide was added d ropw ise  to  a . 
cup ro us  brom ide s o l u t i o n  o f  th e  same co m p o s it io n  as, i n  th e  p re v io u s  
p r e p a r a t i o n .  On co m p le t io n  o f  th e  a d d i t i o n  o f  th e  d iazon ium  s o l u t i o n  
th e  r e a c t i o n  m ix tu re  was r e f l u x e d  f o r  30 m in u te s .  The p ro d u c t  was 
f i l t e r e d  o f f ,  washed w ith  hydrobrom ic  a c id  (20 m l . )  and th en  w ith  
b o i l i n g  w a te r  (4  x 200 m l . )  u n t i l  f r e e  o f  brom ide i o n s ,  and d r i e d  a t  
7 0 ° .  I t  was o b ta in e d  as an o f f - w h i t e  powddr.
R e s u l t s  ( 1 ) ( i i )
Weight o f  p ro d u c t  1 .791  g . 1 .762  g .
Sodium f u s io n  -  t e s t  f o r  e le m e n ts  N a b se n t  W a b se n t
Br p r e s e n t  Br p r e s e n t
Ash t e s t  S l i g h t  r e s i d u e s  g iv in g  Cu f lam e t e s t
A n a ly s is  -  Found; G, 7 7 .0 7 ;  H, 6 .1 4  C, 7 7 .8 4 ;  H, 6 .3 2
B r, 16 .52  B r , .16 .59
C a lc u la te d  f o r  C g ^ H g J r ;  C, 7 3 .6 7 ; H, 5 ,9 2 ;  B r, 20 .42#
* P r e p a r a t io n  o f  cup rous  b ro m id e .
Cupric  s u lp h a te  (5 g . )  and sodium brom ide (5 g . ) were d i s s o lv e d  i n  
w a te r  ( l 5  m l . ) .  The s o l u t i o n  was h e a te d  to  60° and redu ced  by p a s s in g  
s u lp h u r  d io x id e  th ro u g h  i t  f o r  5 m in u te s .  The e x c e s s  s u lp h u r  d io x id e .w a s  
b o i l e d  o f f .  The s o l u t i o n  was co o led  and th e  cup rous  brom ide f i l t e r e d  o f f .  
I t  was washed w i th  w a te r  (5 m l . )  and e t h e r  (20 m l . )  and d r i e d  u n d e r  
red u ced  p re s su re . .
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Replacem ent o f  th e  d iazon ium  group by i o d i n e .
Homopolymer ( l l )  and Copolymer ( l l ) .
The d iazonium  c h lo r i d e  s o l u t i o n  was t r e a t e d  w i th  p o tass iu m  io d id e  
( 1,040  g . )  i n  w a te r  (lO m l . )  a t  0 - 5 ° ,  when p r e c i p i t a t i o n  o c c u r r e d .  The 
r e a c t i o n  m ix tu re  was m a in ta in e d  a t  t h a t  te m p e ra tu re  f o r  20 m in u te s  w ith  
o c c a s io n a l  s t i r r i n g ,  d u r in g  which t im e  n i t r o g e n  was e v o lv e d .  I t  was 
th e n  h e a te d  to  ^80°  on a  s te a m -b a th  and m a in ta in e d  a t  t h a t  te m p e ra tu re  
f o r  30 m in u te s .  The p ro d u c t  was f i l t e r e d  o f f ,  washed w ith  5^ sodium 
c a rb o n a te  s o l u t i o n  (2  x 50 m l . ) ,  washed f r e e  o f  h a l i d e  io n s  w i th  b o i l i n g  
w a te r  (4  x 200 m l . )  and d r i e d  a t  7 0 ° .  The p ro d u c ts  were o b ta in e d  as 
cream pow ders.
R e s u l t s
Homopolymer ( l l )
W eight o f  p ro d u c t  
Sodium f u s i o n  -  t e s t  f o r  e lem en ts
Ash t e s t
A n a ly s is  - .P o u n d ;
( i i )
1.005  g .
N a b se n t  
I  p r e s e n t  
01 t r a c e  
V i r t u a l l y  no- r e s i d u e s  
C, 4 5 .6 1 ;  H, 3 .4 9  G, 4 6 .4 1 ;  H, 3 .7 5  
I ,  3 8 .5 9 ;  G l, 0 .0 0  I ,  4 5 .6 8 ;  C l, O.OC
( i )
1 .007  g .
N a b se n t  
I  p r e s e n t  
Cl t r a c e
C a lc u la te d  f o r  CgBLI: C, 4 1 .7 7 ; H, 3 .0 7 ;  I ,  5 5 .1 7 #
Copolymer ( I I )
Weight o f  p ro d u c t
Sodium f u s io n  -  t e s t  f o r  e le m e n ts
( Ï )
1 .860  g .
N a b se n t  
I  p r e s e n t  
Cl t r a c e
( i i )
1 .830  g .
N a b s e n t  
I  p r e s e n t  
Cl t r a c e
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Ash t e s t  V i r t u a l l y  no r e s i d u e s
A n a ly s is  -  Found: C, 7 4 .0 8 ;  H, 5-98 C, 7 6 .7 6 ;  H, 6 .55
I ,  1 7 .8 1 ;  01, 0 .3 0  I ,  1 2 .9 8 ;  C l, 0 .0 0
C a lc u la te d  f o r  Cg^Hg-I: C, 6 5 .7 7 ;  H, 5 .2 9 ;  I ,  28 .9 5#
Replacem ent o f  th e  d iazonium  group by th e  t h i o l  g ro u p .
Homopolymer ( l ) . *
The a c i d i t y  o f  th e  d iazon ium  c h lo r i d e  s o l u t i o n  was red u ced  by t h e  
a d d i t i o n  o f  10^ sodium c a rb o n a te  s o l u t i o n  u n t i l  i t  was j u s t  a c id  to  
Congo Red. No. p r e c i p i t a t i o n  o c c u r r e d .  P o ta ss iu m  e t h y l  x a n th a te  [ ( i ) >  
1 .1 2 5 ;  ( i i ) ,  1.131  g . ]  i n  w a te r  ( l 5  m l . )  was added a t  0 -5 °  w ith  s t i r r i n g  
o v e r  5 m in u te s  g iv in g  a b r i g h t  y e llo w  p r e c i p i t a t e .  The r e a c t i o n  m ix tu re  
was h e a te d  on a  s te a m -b a th ,  whereupon n i t r o g e n  was e v o lv e d ,  to  ^^80° and 
m a in ta in e d  a t  t h a t  te m p e ra tu re  f o r  30 m in u te s  d u r in g  which tim e th e  
p ro d u c t  a t t a i n e d  a brow nish  c o l o r a t i o n .  The p ro d u c t  was f i l t e r e d  o f f  
and washed w ith  w a te r  (2  x 200 m l . ) .  I t  was r e f l u x e d  w ith  20^ p o ta s s iu m  
h y d ro x id e  s o l u t i o n  (20 m l . )  f o r  2 h o u r s ,  th e  p ro d u c t  a g a in  f i l t e r e d ,  
and washed w i th  w a te r  (2  x 200 m l i ) .  I t  was th e n  h e a te d  w ith  a m ix tu re
o f  h y d r o c h lo r i c  a c id  (5  m l . )  and w a te r  (5 m l . )  f o r  10 m in u te s  whereupon
a deep o ran ge  p ro d u c t  was o b t a i n e d .  T h is  was washed w ith  b o i l i n g  w a te r  
( 2  X 200 ml.)^ which r e s t o r e d  th e  o r i g i n a l  y e llo w  c o lo u r ,  b o i l i n g  
m ethano l (2  x 100 m l . )  and b o i l i n g  w a te r  (3  x 200 ml*,) u n t i l  th e  
w ash ings were f r e e  o f  c h lo r i d e  i o n s .  I t  was th e n  d r i e d  a t  70° and 
o b ta in e d  as a y e llo w  powder.
R e s u l t s  ( i )  ( i i )
Weight o f  p ro d u c t  0 .6 1 5  g .  0 .679  g-
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Sodium f u s io n  -  t e s t  f o r  e lem en ts  N a b se n t
S p r e s e n t  
Cl t r a o e
N a b se n t  
S p r e s e n t  
Cl t r a c e
Ash t e s t
A n a ly s is  -  Found;
No r e s id u e s  
C, 7 4 .1 8 ;  H, 5 .9 8  C, 7 1 .7 5 ;  H, 6 .0 9  
S, 13.35 S, 13 ,24
C a lc u la te d  f o r  CgHgS: C, 7 0 .5 5 ;  É, 5 .9 2 ;  8 ,  23 .54 #
CoTiolvmer f l l ) .
The p r e p a r a t i o n  was th e  same as  f o r  th e  homopolymer. On a d d i t i o n  
o f  th e  sodium c a rb o n a te  s o l u t i o n  some p r e c i p i t a t i o n  o c c u r r e d .  The 
w e ig h ts  o f  x a n th a te .  u sed  were ( i ) ,  1 ,1 39 ; ( i i ) ,  1-127 g . . The p r o d u c t s  
were o b ta in e d  as y e llo w  powders.
R e s u l t s
W eight o f  p ro d u c t
Sodium f u s io n  -  t e s t  f o r  e le m e n ts
( i )
1 .758  g .
N p r e s e n t  
S p r e s e n t  
Cl t r a c e
( i i )  
1 .744  g .
N p r e s e n t  
S p r e s e n t  
Cl t rac e .
Ash t e s t
A n a ly s is  -  Found;
No r e s i d u e s  
C, 8 2 .5Ô; H, 6 .8 6  C, 8 2 .2 5 ;  H, 6 ,8 5  
N, 1 .1 2 ;  S, 5 .9 3  W, 1 .0 7 ;  S , 6 .3 7
C a lc u la te d  f o r  C, 8 3 .7 0 ;  H, 7 .0 2 ;  S, 9 .3 1 #
-  I l l  -
R E S U L T S  A N D  D I S C U  8 S I  0 N
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S e c t io n  ( l ) .
m-A m inostyrene was s y n th e s i s e d  by th e  known r o u t e  from ace tophenone
115,119 ppQYiously o u t l i n e d ,  p . 52. I t  has  been  sho\«i t h a t  b u lk
d e h y d ra t io n  o f  fX -m eth y l-m -n itro b en zy l  a lc o h o l  r e s u l t s  i n  low y i e l d s  o f
m - n i t r o s t y r e n e  owing to  th e  ten d e n cy  o f  th e  p ro d u c t  to  p o ly m e r is e  a t
117th e  e le v a te d  te m p e ra tu re  r e q u i r e d  f o r  th e  d e h y d ra t io n  r e a c t i o n  , The 
a p p a ra tu s  shown, f i g .  3, p .  61 , was so d e s ig n e d  t h a t  th e s e  l o s s e s  may 
be red uced  by k e e p in g  th e  r e a c t i o n  m ix tu re  i n  th e  h e a te d  r e g io n  f o r  as 
s h o r t  a  tim e as  p o s s i b l e .  In  t h i s  way th e  p ro d u c ts  were removed to  a 
c o o le r  r e g io n  v e ry  s h o r t l y  a f t e r  fo rm a t io n ;  t h i s  was f u r t h e r  f a c i l i t a t e d  
by th e  f a c t  t h a t  th e  p ro d u c t  was found to  be l e s s  dense  th an  th e  
r e a c t i o n  m ix tu re  and th u s  re a c h e d  th e  to p  o f  th e  r e a c t i o n  v e s s e l  and 
was removed a lm o st im m e d ia te ly .
The y i e l d s  o b ta in e d  compare, f a v o r a b ly  w ith  th o s e  o f  S c h a f f e r ^ w h o  
u sed  a  s t a t i c  method i n  which i t  was n e c e s s a ry  to  l i m i t  th e  w e ig h t  o f  
a lc o h o l  to  5 .0  g . , to  av o id  l a r g e  l o s s e s  due to  p o ly m e r i s a t i o n .  U sing  
t h i s  f low -m ethod i t  has  been  p o s s ib l e  to  d e h y d ra te  174 g . o f  t h e  
a lc o h o l  i n  one ru n .
117The p o ly m e r i s a t io n  o f  m -am in o s ty ren e  has been  r e p o r t e d  by D a h l ig  ’ , 
who h e a te d  th e  monomer w i th  b e n zo y l  p e ro x id e ,  a lo n e  and i n  d io x a n ,  and 
o b ta in e d  a  brown sy ru py  mass o f  low m o le c u la r  w e ig h t .  I t  i s  i n f e r r e d  
t h a t  the. i n i t i a t o r  i s  s p e n t  i n  o x i d i s in g  amino g ro u p s .  I n i t i a t i o n  w ith  
2 , 2 ' - a z o i s o b u t y r o n i t r i l e  a t  79* h as  p roved  s a t i s f a c t o r y ;  two specim ens 
o f  p o ly - (m -a m in o s ty re n e )  and two o f  s ty re n e -m -a m in o s ty re n e  (2  : l ) -  
copolym er were p r e p a r e d ,  one  o f  each  p a i r  b e in g  form ed w ith  0 .2 ^  and 
one w i th  0 .4 ^  o f  th e  i n i t i a t o r .  The p ro d u c ts  w ere  y e l lo w , s l i g h t l y
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ru b b e ry  s o l i d s ,  which a f t e r  s o l u t i o n  i n  d im ethy lfo rm am ide  and p r e c i p ­
i t a t i o n  w i th  w a te r  y i e ld e d  f i b r o u s  w h ite  s o l i d s .
F or th e  p u r i f i c a t i o n  o f  th e  copolym ers s e v e r a l  m ethods o f  f i l t r a t i o n  
o f  th e  s o l u t i o n  i n  d im ethy lfo rm am ide  were a t t e m p te d .  F i l t r a t i o n  u s in g  
f i l t e r - p a p e r s  was i m p r a c t i c a b le  as  th e  p o re s  became b lo c k e d ;  Monel 
m e ta l  gauze and g l a s s  wool p ad s  a llow ed th e  u n d is s o lv e d  m a t e r i a l  to  
p a s s  th ro u g h .  A Gooch c r u c i b l e ,  w i th  a s b e s to s  pad , was found to  be th e  
m ost s a t i s f a c t o r y  m ethod, how ever, f r e q u e n t  re p la c e m e n t  o f  th e  pad was 
s t i l l  n e c e s s a r y .
I n t r i n s i c  v i s c o s i t y  ( l o g ^  / c ) ,  d e te rm in e d  in  s o l u t i o n  i n  a n i l i n e ,e
which i s  i n  g e n e r a l  r e l a t e d  to  m o le c u la r  w e igh t by
[T lo-> 0 ^  ( Y a p p ro x im a te ly  0 ,6 7 )
i n d i c a t e s  a h ig h e r  m o le c u la r  w e ig h t  f o r  th e  low er c o n c e n t r a t i o n  o f  
i n i t i a t o r ,  as  would be e x p e c te d  ( p . l 3 ) .  T h is  i s  v e ry  marked f o r  th e  
copo lym ers , h e re  however, th e  low er i n i t i a t o r  sam ple , which was th e  
f i r s t  to  be p r e p a re d ,  was h e a te d  f o r  a  much lo n g e r  t im e  (28  h o u rs )  th a n  
th e  o t h e r s ,
120  121m-Cumidine was s y n th e s i s e d  by th e  known r o u te  from curaene ' ,
p r e v io u s ly  o u t l i n e d ,  p .  5 2 .  M o d if ic a t io n s  have b e en  in t r o d u c e d  i n  th e
118p ro c e d u re s  f o r  th e  n i t r a t i o n  o f  cumene ' , th e  h y d ro g e n a t io n  o f  4 - n i t r o -
120 121 cumene , th e  n i t r a t i o n  o f  4 - ac e t  ami no cumene and t h e  r e d u c t iv e
120d e a m in a t io n  o f  4 -am in o -3 -n it ro cu m e n e  . S tan nou s  c h lo r i d e  and 
h y d r o c h lo r i c  a c id  have been  u sed  f o r  th e  f i n a l  r e d u c t io n  y i e l d i n g  
m -cum idine .
The n i t r a t i o n  o f  cumene y i e l d s  th e  2 -  and 4 - s u b s t i t u t e d  iso m e rs ;
25a f t e r  f r a c t i o n a t i o n ,  th e  m a t e r i a l  h a v in g  n^  ^ ^ 1.5310  was ta k e n  as
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4 -n i tro c u m e n e .  The low er y i e l d s  o b ta in e d  f o r  th e  l a r g e r  s c a l e  
p r e p a r a t i o n s  may be due to  l e s s  e f f i c i e n t  f r a c t i o n a t i o n  on t h i s  s c a l e .
In  th e  h y d ro g e n a t io n  o f  4 -n i t ro c u m e n e ,  th e  Raney n i c k e l  c a t a l y s t  
was employed a t  1 .5 ^  on th e  w e ig h t o f  the- n i t r o  compound. I t , w a s  found 
n e c e s s a r y  to  ap p ly  a g r e a t e r  p r e s s u r e  o f  h y d rogen , th a n  u se d  by Gilman 
. and h i s  c o -w o rk e rs ,  and to  r a i s e  t h e  r e a c t i o n  te m p e ra tu re  to  e f f e c t  
r e d u c t i o n .  R ed u c tio n  was a l s o  e f f e c t e d  u s in g  s ta n n o u s  c h lo r i d e  and 
h y d r o c h lo r i c  a c id ,  b u t  h y d ro g e n a t io n  was found to  be more c o n v e n ie n t  
i n  view o f  th e  l a r g e  q u a n t i t y  o f  m a t e r i a l  to  be  h a n d le d .
The n i t r a t i o n  o f  4~acetaminocmnene was a t te m p te d  i n  s e v e r a l  ways; 
( a )  w i th  fum ing n i t r i c  a c id  d i s s o lv e d  in  g l a c i a l  a c e t i c  a c id ;  (b )  w i th  
v a r io u s  m ix tu re s  o f  fum ing and c o n c e n t r a te d  n i t r i c  a c id s  d i s s o lv e d  i n  
g l a c i a l  a c e t i c  a c id ;  ( c )  w i th  fum ing n i t r i c  a c id  d i s s o lv e d  i n  a m ix tu re  
o f  g l a c i a l  a c e t i c  a c id  and a c e t i c  a n h y d r id e .  The l a s t  m ethod, u sed  by 
C a rp e n te r  and h i s  c o -w o rk e rs ,  was found to  y i e l d  the: b e s t  m a t e r i a l ,  b u t  
i n  t h e  p r e s e n t  e x p e r im e n ts ,  benzene  used  by t h e  above a u th o r s ,  was 
r e p la c e d  by l i g h t  p e tro le u m  ( b . p .  6 0 -8 0 ° )  f o r  th e  e x t r a c t i o n  o f  th e  
m ononitro  compound, b e ca u se  i t  was found t h a t  t h e  d i n i t r o  compound was 
a ls o  s o lu b le  i n  b en zen e , b u t  i n s o l u b l e  i n  l i g h t  p e tro le u m . I t  was a l s o  
found t h a t  a f t e r  quench ing  th e  n i t r a t i o n  m ix tu r e ,  th e  p ro d u c t  was b e s t  
f i l t e r e d  im m e d ia te ly ,  owing to  slow  h y d r o ly s i s  o c c u r r in g  i n  th e  d i l u t e  
a c id  s o l u t i o n .
From th e  t e s t s  pe rfo rm ed  on th e  b y -p ro d u c t  o f  t h e  n i t r a t i o n  o f  
4-acetam inocum ene i t  was i n f e r r e d  t h a t  t h i s  m a t e r i a l  was 4 -a c e ta m in o -  
3 ,5 - d in i t r o c u m e n e .  Ja n o w sk y 's  t e s t  f o r  n i t r o  compounds, which i s  a 
q u a l i t a t i v e  t e s t  f o r  t h e  number and d i s p o s i t i o n  o f  n i t r o  g roups i n  a
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compound, was i n c o n c lu s iv e .  T e s t  ( 3 ) i n d i c a t e d  t h a t  t h e  a lk y l  s i d e -  
c h a in  had n o t  been  o x id i s e d  by th e  n i t r i c  a c i d .  The f a c t  t h a t  th e  f r e e  
amine, 4 -am in o ~ 3 > 5 -d in it ro cu m en e , was n o t  d i a z o t i s e d  i s  c o n s i s t e n t  w ith  
known f a c t s  on th e  e a se  o f  d i a z o t i s a t d o n  o f  n i t r o - s u b s t i t u t e d  am ines .
The d e a m in a t io n  o f  4 -am in o -3 -n itro cu m e n e  was c a r r i e d  o u t ,  s t a r t i n g  
w ith  th e  f r e e  amine, which had been  shown to  be o b ta in e d  in  100^ y i e l d  
by a l k a l i n e  h y d r o l y s i s  o f  4 -ace tam ino-3~ % itrooum ene , r a t h e r  th a n  th e  
amine h y d r o c h lo r id e  o b ta in e d  by Gilman and h i s  co -w o rk e rs  i n  th e  a c id  
h y d r o l y s i s  o f  t h i s  compound. Also th e  p ro d u c t  was s t e a m - d i s t i l l e d  from 
th e  r e a c t i o n  m ix tu re  i n  p r e f e r e n c e  to  e t h e r  e x t r a c t i o n .
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S e c tio n  ( 2 ) .
A r u l i n g  c o n s i d e r a t i o n  in  th e  k i n e t i c  work h a s  been to  e s t a b l i s h  
c o n d i t i o n s  u n d e r  which a l l  t h e  d iazonium  c h l o r i d e s  may be  o b ta in e d  i n  
com plete  s o l u t i o n .  The copolym ers have been th e  l e a s t  t r a c t a b l e  o f  th e  
am ines . The p ro c e d u re  d e s c r ib e d  i n  th e  e x p e r im e n ta l  s e c t i o n  y i e l d s  th e  
copolym ers i n  0 ,05 6  N s o l u t i o n  w i th  r e s p e c t  to  h y d r o c h lo r i c  a c i d ,  i n  
aqueous m ethanol h a v in g  th e  volumes o f  th e  components i n  th e  r a t i o  
59 : 41* The c o m p o s it io n  o f  t h i s  s o l u t i o n  has  d e f in e d  th e  c o n d i t i o n s  
u n d e r  which th e  r a t e s  o f  d iazon ium  d e co m p o s it io n  have been d e te rm in e d ,  
each o f  th e  o t h e r  d iazon ium  c h l o r i d e s  b e in g  p re p a re d  i n  a s i m i l a r  
s o l u t i o n .
( a )  and (b )  The lo g a r i th m ic  p l o t s  f o r  th e  d e c o m p o s i t io n s  o f  benzene- 
and ra-cum ene-diazonium  c h l o r i d e s  show v e ry  good l i n e a r i t y  to  o v e r  70% 
o f  th e  d e c o m p o s i t io n .  The f i r s t - o r d e r  c o n s t a n t s  (k  x lO"^ s e c ~ ^ .)  a r e  
shown i n  T able  (X X Il) .
T ab le  (XXIl)
Run ( a ) (b )
( i ) 1 .15 5 .96
( i i ) 1 .1 2 7 .30
( i i i ) 1 .1 4 7 .0 7
( i v ) 1 .16 7 .2 5
(v ) 1 .1 2
A verage 1 .1 4 7 .1 5
Pray^^^  has d e te rm in e d  th e  f i r s t - o r d e r  c o n s t a n t s  f o r  th e  d e co m p o s it io n  
o f  benzened iazon ium  c h lo r i d e  i n  a wide ran g e  o f  m e th a n o l-w a te r  m ix tu re s
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I n t e r p o l a t i o n  i n  h i s  r e s u l t s  (Graph l )  y i e l d s  th e  v a lu e ,  k = 1 . 1 7  x 10 ^ 
seo~ ^, a t  30° , f o r  th e  s o l v e n t  c o m p o s it io n  u sed  in  th e  p r e s e n t  
e x p e r im e n ts ,
( c )  The lo g a r i th m ic  p l o t s  f o r  th e  homopolymer d iazon ium  c h l o r i d e s  
d ev e lo p  a  c o n c a v i ty  to w ard s  th e  a b s c i s s a ;  however up to  70^ o f  th e  
d e co m p o s i t io n  th e  d e p a r t u r e  from l i n e a r i t y  i s  n o t  g r e a t .  A f te r  abou t 
80 m in u te s ,  from th e  z e r o - t im e  f o r  th e  r a t e  m easurem ent, p r e c i p i t a t i o n  
o f  th e  polymer o c c u r r e d .  T h is  caused  no sh a rp  changes  i n  th e  lo g a r i th m ic  
p l o t s ;  i t  a ls o  o c c u r re d  a f t e r  75^ o f  th e  d e co m p o s i t io n  and t h e r e f o r e  
l i e s  beyond th e  r e g io n  o ve r  which th e  c o n s t a n t s  have been  deduced . The 
r e s u l t s  f o r  th e  homopolymers a re  shown in  T a b le s  (X X III)  and (XXIV).
T ab le  (X X IIl)
Run k X 1 0 (sec**^.) p p t ,  t im e  (m in . )
Homopolymer ( l ) ( i ) 5 .59 75-76
( i i ) 3 .49 79-83
( i i i ) 3 .45 75-78
( i v ) 5 .6 4 79-84
Average 3 .49
T ab le  (XXIV)
Run k X 10^ (sec*"^ ,) p p t .  tim e (m in .)
Homopolymer ( l l ) ( i ) 5 .63 ••^80
( i i ) 5 .56 74-78
( i i i ) 3 .47 84-87
( i v ) 3 .54 76-79
Average 3.45
(d )  In  th e  c a se  o f  th e  copolym er d iazon ium  c h l o r i d e s  p r e c i p i t a t i o n  o f
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th e  polymers, o c c u r re d  about 8 m in u te s  a f t e r  th e  z e r o - t im e ,  t h e r e f o r e ,  
f o r  th e  g r e a t e r  p a r t  o f  th e  ru n s  th e  po lym ers were p r e s e n t  p a r t l y  as 
sw o llen  s o l i d s .  N e v e r th e l e s s  d e p a r tu r e  from l i n e a r i t y  i s  sm a l l ;  th e  
f i r s t - o r d e r  c o n s t a n t s  deduced from th e  lo g a r i th m ic  p l o t s  a re  shown i n  
T ab le  (XXV).
T ab le  (XXV)
Run k X 1 0 ( s e c “ ^.  ) p p t ,  t im e  (m in .)
Copolymer ( l ) ( i ) 3 .09 6-9
( i i ) 3 .19 5-9
( i i i ) 3 .0 2 4 -8 .5
( i v ) 3 .0 2 4 -8 .5
Average 3 ,0 8
Copolymer ( l l ) ( i ) 3 .17 6 -1 0 .5
( i i ) 3 .0 3 7 .5 -1 0
( i i i ) 3 .27 6 .7 5 - 8 ,7 5
( i v ) , 2 .99 7 .5 - 9 .7 5
Average 3 .1 2
The o n s e t  o f  p r e c i p i t a t i o n  i s  p a r a l l e l l e d  by a  d isp la c e m e n t  i n  th e  
lo g a r i th m ic  p l o t  o f  th e  r u n .  The p r e - p r e c i p i t a t i o n  s e c t i o n s  a re  
s u b s t a n t i a l l y  l i n e a r  y i e l d i n g  f i r s t - o r d e r  c o n s t a n t s ,  which do n o t  
however a t t a i n  th e  a c c u ra c y  o f  th e  main c o n s t a n t s  owing to  th e  s h o r t  
t im e -  and sm a ll  v o lu m e -ranges o v e r  which th e y  have been deduced; th e s e  
c o n s t a n t s  are. shown i n  T ab le  (XXVl)., ’ .
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T able  (XXVl)
Run k X 10^ ( s e c ” ^ . )
Copolymer ( l ) ( i ) 2.9
( i i ) 3 . 0
( i i i ) 2.9
( i v ) 3 .1
Average 3.0
Copolymer ( l l ) ( i ) 3 . 1
( i i ) 3 . 3
( i i i ) 3 .4
( i v ) 3 .8
Average 3 .4
( e )  In  th e  ru n s  h a v in g  a h ig h e r  c o n c e n t r a t i o n  o f  i n i t i a l  e x c e s s  
h y d r o c h lo r i c  a c id  p r e c i p i t a t i o n  o c c u r re d  im m ed ia te ly  th e  e x t r a  a c id  was. 
added; th u s  th ro u g h o u t  th e  whole ran g e  o f  th e  d e co m p o s i t io n  s t u d i e d  th e  
decom posing c a t i o n s  were p r e s e n t  as  a sw o lle n  s o l i d .  The lo g a r i th m ic  
p l o t s  o f  th e  two ru n s  c a r r i e d  o u t  show good l i n e a r i t y  to  o v e r  10% o f  th e  
d e co m p o s i t io n ;  th e  f i r s t - o r d e r  c o n s t a n t s  a re  shown i n  T ab le  (XXVIl).
T ab le  (XXVIl) > '
Run k  X 10^ ( s e c ”^ . )
( i )
( i i )
3 .3 4
3 .45
The n o rm a l i ty  o f  th e  i n i t i a l  e x c e ss  a c id  i n  t h e s e  ru n s  was O .64O N. 
The a v e rag e  v a lu e  o f  th e  r a t e  c o n s t a n t  (3*40 x 10~^ sec**^.) shows an 
in c r e a s e  o f  10% o v e r  th e  c o r re s p o n d in g  v a lu e  f o r  th e  low er a c id  c o n c e n t­
r a t i o n ;  t h i s  i s  c o n s id e re d  sm a ll  i n  r e l a t i o n  to  th e  change in  a c i d i t y  and
p r e c i p i t a t i o n .
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R e la t io n s h ip s - b e tw e e n  th e  R a te -C o n s ta n ts  and th e  S t r u c t u r e s  o f  th e  
Diazonium C a t i o n s . •»
I t  has  been  assumed t h a t  e l e c t r o n - r e l e a s i n g  m e t a - s u b s t i t u e n t s  
i n s e r t e d  i n  th e  benzened iazon ium  c a t io n  i n c r e a s e  th e  r a t e  o f  decom positio : 
i n  acco rdance  w ith  th e  scheme^^^;
A +  +ArJ-Ng — ^ Ar +
With r e s p e c t  to  th e  p r e s e n t  r e s u l t s  f o r  th e  r e a c t i o n  i n  aqueous 
m ethano l i t  can  be seen  (co m p o s ite  T ab le  XXVIII) t h a t  th e  i n t r o d u c t i o n  
o f  an m - iso p ro p y l  group i n  t h e  benzenediazonium  c a t i o n  r e s u l t s  i n  a 
s i x f o l d  i n c r e a s e  i n  th e  r a t e  o f  d e co m p o s i t io n .
T ab le  ( XXVIII)
P a r e n t  Amine k X 10 sec*  , ( a v e ra g e )
A n i l in e 1 ,1 4
m-Cuffiidine 7 .15
Homopolymer ( l ) 5 .49
Homopolymer ( l l ) 3u45
Copolymer ( l ) 5 .0 8
Copolymer ( l l ) 3 .1 2
Copolymer ( l l ) * 3 .40
H ig her  c o n c e n t r a t i o n '  o f  i n i t i a l  e x ce ss  h y d r o c h lo r i c  a c id .
The r a t e - c o n s t a n t s  f o r  th e  d iazonium  c a t io n s  o f  th e  homopolymers 
and copolym ers a re  in te rm e d ia te -  between th o s e  f o r  b e n z e n e -  and m-curaene- 
d iazonium  c a t i o n s .
The p r im a ry  m o le c u la r  s t r u c t u r e  which form s th e  env ironm ent o f  t h e  
pheny ld iazon ium  group i s  shown i n  s t r u c t u r e  ( I I ) ,  p . 51; f o r  th e  
homopolymers, X and Y a re  i n i t i a l l y  o t h e r  m -phenyld iazonium  g roups and
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and su b s e q u e n t ly  t h e  d e r iv e d  g ro u p s ,  th e  n a tu r e  o f  which i s  d i s c u s s e d  
i n  S e c t io n  p ,1 2 5 ;  f o r  th e  copolym er X and Y may be as  j u s t  d e s c r ib e d ,  
b u t  i n  g e n e r a l  must be phenyl g ro u p s .
In  e v e ry  i n s t a n c e ,  ( th o u g h  to  d i f f e r e n t  e x t e n t s ) ,  i n d u c t iv e  e l e c t r o h -  
w ith d raw a l  from th e  s t r u c t u r e  i n  th e  sq u a re  b r a c k e t s  i s  p r o b a b le ,  whence 
th e  e l e c t r o n - r e l e a s e  from th e  main c h a in  to  th e  pheny ld iazon ium  group . 
i s  co nc luded  to  be some f r a c t i o n  o f  t h a t  from an i s o p r o p y l  g roup , an 
i n f e r e n c e  which i s  i n  acco rd  w i th  th e  r e l a t i o n s h i p  betw een th e  r a t e -  
c o n s t a n t s  d e s c r i b e d .
The d iazonium  c a t i o n  o f  th e  homopolymer d i f f e r s  from t h a t  o f  th e  
copolym er i n  th e  f o l lo w in g  r e s p e c t s
a) The ph en y ld iazon ium  g roups a re  a d ja c e n t  to  a  much g r e a t e r  e x te n t
i n  th e  homopolymer th a n  i n  th e  copolym er.
b )  The charge  on a g iv e n  c h a in  l e n g t h  o f  th e  homopolymer i s  t h r i c e  
t h a t  on th e  same c h a in  l e n g t h  o f  t h e  copolym er; t h i s  m ight be 
e x p ec te d  to  l e a d ,  by r e p u l s i o n ,  to  a more ex tended  c o n fo rm a tio n  o f  
th e  homopolymer,
c )  D uring  r e a c t i o n ,  p r e c i p i t a t i o n  o f  th e  homopolymer o c c u rs  l a t e r  
th an  t h a t  o f  the^ copo lym er.
The d e co m p o s it io n  r a t e  f o r  th e  homopolymer i s  11^ g r e a t e r  th a n  t h a t
f o r  th e  copolym er. I t  i s  n o t  p o s s i b l e  to  r e l a t e  f a c t o r s  ( a ) ,  (b )  and
( c )  w i th  any c e r t a i n t y  to  t h i s  r e l a t i v e l y  sm a ll  d i f f e r e n c e ,  e x c e p t  to  
i n f e r  from i t  and th e  r e s u l t s  a s  a  whole t h a t  th e s e  f a c t o r s  e x e r t  o n ly  
a  m inor i n f lu e n c e  on the. c o u rs e  o f  d iazonium  d e c o m p o s i t io n .
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I t  i s  c o n c lu d ed , w ith  r e s p e c t  to  th e  p o p u la t io n  o f  m -phenyld iazonium  
g roup s  a t t a c h e d  to  p o ly v in y l  main c h a in s ,  t h a t  ; -  
i )  th e  d e co m p o s it io n  i s  u n im o le c u l a r .
i i )  e l e c t r o n - r e l e a s e  from t h e  main c h a in  to  th e  s id e -g ro u p s  in f lu e n c e s
th e  r a t e  i n  a  manner a c c o u n ta b le  by r e f e r e n c e  to  a p p r o p r i a t e  
' sm a ll  m o le c u le s ,  
i i i )  s p e c i f i c a l l y  m acrom olecu la r  r e a c t i v i t y - f a c t o r s  have l i t t l e  ,
in f lu e n c e  on t h i s  r e a c t i o n ,  
i v )  th e  r e a c t i o n  i s  i n s e n s i t i v e  to  changes i n  t h e  a c i d i t y  o f  th e
s o l v e n t .
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S e c t io n  ( 3 ) .
The p r e c i p i t a t e s  from th e  d e co m p o s i t io n  o f  th e  d iazonium  c h lo r i d e s  
o f  th e  homopolymers and copolym ers a f t e r  b e in g  washed and d r i e d  were 
da rk  r e d  s o l i d s  which when f i n e l y  ground formed o rang e  pow ders. No 
s o lv e n t  h a s  been found f o r  t h e s e  m a t e r i a l s .  R e p r e s e n ta t i v e  sam ples have 
been  s u b je c te d  to  com ple te  e le m e n ta ry  a n a l y s i s ,  b u t  n o t  to  a n a l y s i s  f o r  
f u n c t i o n a l  g ro u p s ,  as no r e l i a n c e  co u ld  be p la c e d  on th e  r e s u l t s  f o r  
i n s o l u b l e  and p o s s ib l y  c r o s s - l i n k e d  s o l i d s .  The a n a ly s e s  showed t h a t  t h e  
g r e a t e r  p a r t  o f  th e  n i t r o g e n  had been r e p la c e d  by 'o x y  g ro u p s ,  some 
n i t r o g e n  re m a in in g  and some c h lo r i n e  b e in g  p r e s e n t ,  b u t  th e  number o f  
ty p e s  o f  s t r u c t u r a l  u n i t s  which may have been formed i s  too  g r e a t  to  
p e rm it  d e d u c t io n  o f  th e  t o t a l  s t r u c t u r e  from th e  a n a ly s e s .
However, th e  c o u rse  o f  th e  r e a c t i o n  f o r  benzened iazon ium  c h lo r i d e  
i n  th e  aqueous m e th a n o l ic  s o lv e n t  u sed  i n  th e  k i n e t i c  ru n s  has  been 
a s c e r t a i n e d .  I t  was n e c e s s a r y  to  i n c r e a s e  th e  c o n c e n t r a t i o n  o f  th e  
d iazonium  s a l t  abou t s i x t y f o l d  i n  o r d e r  to  o b t a i n  q u a n t i t i e s  o f  p ro d u c t  
c o n v e n ie n t  f o r  i s o l a t i o n  and s e p a r a t i o n ,  whence th e  e x a c t  c o n d i t io n s  o f  
t h e  ru n s  co u ld  n o t  be em ployed. A c c o rd in g ly ,  two s e t s  o f  a c i d i c  
c o n d i t i o n s  were u s e d ;  ( a )  w ith  th e  same c o n c e n t r a t i o n  o f  e x c e s s  h y d ro ­
c h l o r i c  a c id ,  and hence  l e s s  th a n  th e  m olar  r a t i o  o f  a c id  to  d iazonium  
c h lo r i d e  o f  t h e  k i n e t i c  r u n s ;  (b )  w i th  th e  same m o la r  r a t i o  o f  e x c e s s  
h y d r o c h lo r i c  a c id  to  d iazon ium  c h l o r i d e ,  o f  th e  k i n e t i c  r u n s ,  and h e n ce  
a  h ig h e r  c o n c e n t r a t i o n  o f  a c id .  The p ro d u c ts  i s o l a t e d  from th e  s te am - 
d i s t i l l a t e .  a re  shown i n  T ab le  (XXIX), There was a ls o  o b ta in e d ,  from th e  
re s id u e ,  o f  s t e a m - d i s t i l l a t i o n ,  a  sm a ll  q u a n t i t y  o f  m a t e r i a l  which from 
i t s  m e l t in g  p o in t  may be 4 -h y d ro x y d ip h e n y l : fo u n d , m .p . 1 6 6 .5 ° ;
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l i t e r a t u r e ? " ^ ^ ,  m .p, 164°,
T able  (XXIX)
C o n d i t io n s PhOH’*' PhOMe* PhOMe/PhOH PhCl*
( a ) 45 ■ 14 0 .3 1 4
(b ) 37 12 0 .3 2 20
Y ie ld  as m oles p e r  100 m oles benzened iazon ium  c h l o r i d e .  The p re s e n c e  
o f  m ethano l a t  e x t r a c t i o n  and e v a p o ra t io n  s t a g e s  m i l i t a t e s  a g a in s t  
complete^ i s o l a t i o n  o f  th e  p h e n o l .
Phenol i s  th e  main p ro d u c t ,  and a n i s o le  b e a r s  an a p p ro x im a te ly
c o n s ta n t  r a t i o  t h e r e t o ;  th e  y i e l d  o f  c h lo ro b en zen e  i s  in c r e a s e d  by th e
h ig h e r  h y d r o c h lo r i c  a c i d - c o n c e n t r a t i o n  o f  c o n d i t i o n s  ( b ) .
Thus as a  r e s u l t  o f  d iazonium  d e co m p o s i t io n ,  th e  e n t r y  o f  h y d ro x y l ,
m ethoxyl and c h lo r i n e  i n t o  th e  homopolymer and copolym er i s  to  be
e x p e c te d ;  from th e  c o lo u r  and n i t r o g e n  c o n te n t  o f  th e  p r o d u c t s ,  th e
p re se n c e  o f  aao l in k a g e s  i s  p r o b a b le ,  and, by an a lo g y  w ith  th e  p ro d u c t io n
o f  4 -h y d ro x y d ip h en y l  i n  t h e  r e a c t i o n  o f  benzened iazon ium  c h lo r i d e  w i th  
124.pheno l , th e  fo rm a t io n  o f  h y d ro x y d ip h en y l  u n i t s  w i th in  o r  betw een th e  
m acrom olecu lar  c h a in s  i s  p o s s i b l e .
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S e c tio n  ( 4 ) .
P o l y - ( a m in o s ty re n e s)  have been  used  as i n t e r m e d i a t e s  i n  th e
126p r e p a r a t i o n  o f  a z o - d y e s t u f f s . Oda and U ra ta  p o ly m e rised  m -am inostyrene
a t  160° u n d e r  v a r io u s  c o n d i t i o n s .  The polymers were d i s s o lv e d  by
warming w ith  c o n c e n t r a te d  s u lp h u r ic  a c id  and d i a z o t i s e d  a t  0 -5 °  w ith
sodium n i t r i t e .  Some o f  th e  d i a z o t i s e d  polym ers gave d y e s ,  by c o u p l in g
127w ith  n a p h th o l  A.S. M arty n o ff  h a s  coup led  a  d i a z o t i s e d  po ly -(& -am ino-
s ty r e n e )  w ith  phenol and d im e th y la n i l i n e  which y ie ld e d  dyes o f  more
i n t e n s e  c o lo u r  th a n  the- c o r re sp o n d in g  n o n -p o ly m eric  compounds.
12®G rubhofer  and S c h l e i t h  have d i a z o t i s e d  a p o ly - ( a m in o s ty re n e )  
which th e y  coup led  w i th  p r o t e i n  m o le c u le s ,  e . g .  d i a s t a s e ,  i n  weakly 
a l k a l i n e  s o l u t i o n ,  g iv in g  compounds which r e t a i n e d  t h e i r  enzyme a c t i v i t y .
G regor, D o la r  and K oesche le  have p re p a re d  a p o ly - (p -a m in o s ty r e n e )  
by th e  method o f  S k o g se id  (b e lo w ) ,  which was su b s e q u e n t ly  d i a z o t i s e d ,  
t r e a t e d  w ith  p o tass iu m  e t h y l  x a n th a te ,  h y d ro ly se d  and a c i d i f i e d  to  g iv e  
th e  p o l y t h i o l ;  which was i n s o l u b l e  i n  a l l  common s o l v e n t s ;  t h i s  was. 
a s c r ib e d  to  c r o s s - l i n k i n g  d u r in g  th e  d eco m p o s it io n  o f  th e  d iazonium  
s a l t .  A s i m i l a r  p o l y t h i o l ,  p re p a re d  by p o ly m e r i s a t io n  o f  p - v in y lp h e n y l  
t h i o a c e t a t e  and h y d r o l y s i s  of. t h e  polymer ' was s o lu b le  i n  a l k a l i n e  
s o l u t i o n  and p a r t i a l l y  s o lu b le  i n  benzene and cy c loh ex anon e .
131P a r r i s h  ■ h a s  d i a z o t i s e d  a  p o ly - ( a m in o s ty r e n e ) ,  p re p a re d  v i a  
n i t r a t i o n  and su b seq u e n t  r e d u c t io n  o f  a l i g h t l y  c r o s s - l i n k e d  p o ly s ty r e n e .  
T h is  h a s  been s u b je c te d  to  th e  B a r t  r e a c t i o n  y i e l d i n g  a p o ly - a r s o n ic  
ac id  and to  c o u p l in g  w ith  8 -h y d ro x y q u in o l in e  y i e l d i n g  a c h e l a t i n g  r e s i n .
132 _Rao and P a l i t  have d i a z o t i s e d  a j^p J -a )n in o s ty ren e -m e th ac ry lic  
a c id  copolym er and co u p led  th e  d iazonium  s a l t  w ith  2 - n a p h th o l - 3 ,6 -
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133d is u lp h o n ic  a c id .  K udryav tev  and co -w orkers  have p re p a re d  a s i m i l a r
d y e s t u f f  from a jD - a m in o s ty r e n e - a c r y lo n i t r i l e  copo lym er. Manecke and
S in g e r^ ^ ^  and Rao, M ukerjee  and P a l i t ^ ^ ^  have, u se d ,  i n  th e  r e a c t i o n s
below , p o ly - (p ,-a ra in o s ty re n e )  s u p p l i e d  by th e  Norsk Hydro Company ( O s lo ) ,
136which was p ro b a b ly  p re p a re d  by th e  method o f  S k o g se id  i n  which p o ly ­
s ty r e n e  (lOO g . )  i s  d i s s o l v e d  i n  ^0% n i t r i c  a c id  (700 m l . ) ,  w i th  
a g i t a t i o n ,  below  1 0 ° . A f te r  17 h o u rs  th e  s o l u t i o n  i s  poured  i n t o  w a te r  
to  p r e c i p i t a t e  th e  t h e o r e t i c a l  q u a n t i t y  o f  m o n o n i t r a te d  p ro d u c t .  I t  i s  
th e n  red uced  a t  150° f o r  8 h o u r s ,  i n  an a u to c la v e ,  w ith  sodium d i s u l p h id e  
Such a p r e p a r a t i o n ,  how ever, does n o t  g u a ra n te e  t h a t  a l l  th e  n i t r o -  
polym er i s  th e  p a r a  iso m er  and i t  may c o n ta in  o r th o  and d i s u b s t i t u t e d  
u n i t s ,  n o r  t h a t  th e  r e d u c t io n  to  th e  aminopolymer i s  c o m p le te ,
Manecke and S in g e r  have  u sed  th e  d i a z o t i s e d  p o ly - ( p -a m in o s ty r e n e )  
i n  d iazonium  re p la c e m e n t  r e a c t i o n s  and have e f f e c t e d  th e  re p la c e m e n t  o f  
th e  d iazonium  g ro u p , w i th  th e  d iazonium  s a l t  i n  su s p e n s io n ,  by c h lo r i n e  
and f l u o r i n e  i n  a p p ro x im a te ly  90 and 10% o f  th e  t h e o r e t i c a l  i n t r o d u c t i o n ,  
r e s p e c t i v e l y ,
Rao, M ukerjee  and P a l i t  d i a z o t i s e d  th e  polym er as a  p a s te ,  and 
o b ta in e d  a  d iazonium  s a l t ,  i n s o l u b l e  i n  w a te r  and aqueous a l c o h o l ,  which 
th e y  r e a c t e d , i n  s u s p e n s io n ,  w i th  h y d ro q u in o n e . They p re p a re d  a  s i m i l a r  
addu c t u s in g  a d i a z o t i s e d  copolym er o f  a m in o s ty ren e  and m e th a c r y l ic  a c id .
No d a t a  a re  a v a i l a b l e  o f  d iazon ium  r e a c t i o n s  c a r r i e d  o u t  on polym ers 
o f  w e l l  d e f in e d  s t r u c t u r e .  The p r e s e n t  p o ly -d ia zo n iu m  s a l t s  have  been 
s u b je c te d  to  th e  re p la c e m e n t  r e a c t i o n s ,  w ith  th e  o b j e c t  o f  a s c e r t a i n i n g  
how f a r  th e s e  r e a c t i o n s  succeed  when th e  d iazonium  s a l t  i s  p o ly m e r ic .
The r e a c t i o n s  were c a r r i e d  o u t  w i th  th e  d iazonium  s a l t s  (w i th  th e
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e x c e p t io n  o f  copolym er ( l l ) - d i a z o n i u m  brom ide) i n i t i a l l y  in .hom ogeneous 
s o l u t i o n .  - ,
From th e  a n a ly s e s  o f  th e  p ro d u c ts  t h e r e  has been  c a l c u l a t e d  th e  
f r a c t i o n  o f  an e q u iv a le n t  o f  th e  e n t e r in g  group X which i s  p r e s e n t  f o r  
e v e ry  r e p e a t i n g  u n i t  o f  8 carbon  atoms f o r  th e  homopolymers and (on 
a v e rag e )  o f  24 ca rb on  atoms f o r  th e  copolym er, T ab le  (XXX).
In  t h e  l a t t e r ,  some o f  th e  d iazonium  g roups n o t  r e p la c e d  by X a re
d o u b t le s s  r e p la c e d  by m eth o x y l,  whence th e  c o r r e c t  b a s i s  f o r  c a l c u l a t i o n
i s  24 + ^  c a rb o n  atoms; how ever, <^  ^ 0 . 5 ,  see  T ab le  (XXX), and i s  
p ro b a b ly  much l e s s ,  whence th e  e r r o r  in v o lv e d  i n  n e g le c t i n g  ^  i s  s m a l l .  
H a lo g en s .
Replacem ent w ith  c h lo r i n e  and b rom ine , by th e  Sandmeyer m ethod, 
p ro c e e d s  to  a p p ro x im a te ly  8^% i n  th e  homopolymer and re p la c e m e n t  w i th  
i o d in e ,  v i a  th e  d iazonium  i o d id e ,  to  70^L R eplacem ents  f o r  th e  copolym er 
a r e  low er th a n  th e  c o r re s p o n d in g  v a lu e s  f o r  th e  homopolymers.
I t  i s  p ro b a b le  t h a t  t h e r e  i s  c o m p e t i t io n  betw een (a), th e  r a t e  o f  t h e
s u b s t i t u t i o n  r e a c t i o n ,  and (b )  th e  r a t e  o f  p r e c i p i t a t i o n  from s o l u t i o n  
o f  th e  p o lym eric  p ro d u c t .  The p r e c i p i t a t i o n  r e s u l t s  from i n s o l u b i l i t y  
due to  rem oval o f  th e  p o l a r  g ro ups  and to  th e  in c id e n c e  o f  c r o s s - l i n k i n g .  
A h ig h  v a lu e  f o r  ( a )  and a low v a lu e  f o r  (b )  r e s u l t s  i n  a h ig h  d e g re e  o f  
s u b s t i t u t i o n ,  b u t  i t  i s  n o t  p o s s ib l e  to  p roceed  beyond t h i s  q u a l i t a t i v e  
s t a te m e n t .
The h a lo g e n o - p o ly s ty r e n e s  g iv e n  by th e  re p la c e m e n t  r e a c t i o n s  were 
i n s o l u b le  i n  b enzen e , t o lu e n e ,  p y r i d in e ,  a n i l i n e ,  c h lo ro b e n z e n e ,  
c h lo ro fo rm , carbon  t e t r a c h l o r i d e ,  s y m - te t r a c h lo r o e th a n e ,  b e n z y l  a lc o h o l ,  
d im ethy lfo rm am ide , m -c re s o l  and fo rm ic  a c id ;  f a i l u r e  to  d i s s o l v e ,
' -  128 -
T ab le  (XXX)
R e a c t io n s  o f  th e  p o lv - ( s ty re n e -m -d ia z o n iu m )  c a t i o n .
Re agen t P re p . P ro d u c t
No. Pound % Atomi c r a t i o s
C H Halogen C . H H alogen
H GuCl ( i ) 70 .7 4 5 ,40 Cl, 22 .17 8 7 .3 Cl, 0 .8 50
m ( i i ) 70.50 5.25 Cl, 22.29 8 7 .1 C l, 0 .8 6
0
P ' CuBr ( i ) 53 .79 4 .1 8 Br, 39.56 8 7 ,4 B r, 0 .8 801 ( i i ) 53 .95 4.09 B r , 37 .33 8 7 .2 B r, 0 .8 3
y KI ( i ) 45 .61 3.49 I , 38 .59 8 7 .3 I ,  0 .6 4m. ( i i ) 46 .41 3.75 I, 45 .88 8 7 .7 I, 0.75
. C CUCl ( i ) 8 4 .6 2 7 .01 Cl, 6 iOl 24 23 .7 C l, 0.58"0
P ( i i ) 8 4 .3 4 6 .7 2 C l, 7 .3 2 24 22 .8 C l, 0 .7 101 CuBr ( i ) 77 .0 7 6 .1 4 Br, 16 .52 24 22 .8 B r, 0 .7 7ym ( i i ) 7 7 .8 4 6 .3 2 B r, 16.59 24 23.2 B r, 0 .7 7
e El ( i ) 74 .08 5 .9 8 I+, 17 .81 24 23.1 I ,  0 .55r ( i i ) 76 .76 6 .55 I , 12 .98 24 24 .4 I ,  0 .4 8
T h io l T h io l
Homo. ( i ) 7 4 .1 8 5.98 s, 13 .35 8 7 .7 S, 0 .5 4
KS.CS.OEt
( i i ) 71 .75 6,09 s. 13.24 8 8 .1 S, 0 .5 5
C opol. ( i )
( i i )
82 .5 0
82 .2 5
6 .86  
6 .85
S Î ,
S Î ,
5.93
6.37
24
24
23 .8
2 3 .8
S, 0 .6 5  
S, 0 . 7 0 '
+ C onta ined  C l, 0 .3 0 ^ ;  th e  o t h e r  iodo-co po lym er and t h e  io d o -  
homopolymers c o n ta in e d  no c h l o r i n e .
+ C on ta ined  N, 1 .1 2  and 1.07%  r e s p e c t i v e l y ;  th e  th io l-h o m o p o ly m ers  
c o n ta in e d  no n i t r o g e n .
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e s p e c i a l l y  i n  th e  l a s t  t h r e e ,  which a re  e x c e p t i o n a l l y  e f f e c t i v e  as
p o ly m e r - s o lv e n ts  i n d i c a t e s  c r o s s - l i n k i n g  and t h i s  i s  b o rn e  o u t  by th e
f a c t  t h a t  p o ly - ( h a lo g e n o s ty r e n e s )  p re p a re d  by ( i ) ,  p o ly m e r i s a t io n  o f
th e  monomers and ( i i ) ,  by h a lo g é n a t io n  o f  p o ly s ty r e n e ,  a re  s o lu b le  i n
137a number o f  common s o l v e n t s .  M arvel and Moon ' r e p o r t  th e  p r e p a r a t i o n
o f  poly-(p_, m and p ^ b ro m o s ty re n e s ) ,  p o ly m e r is in g  th e  monomers by means
o f  ben zo y l p e ro x id e ,  a l l  o f  which were s o lu b le  i n  benzene and d io x a n .
138L a i t i n e n ,  M i l l e r  and P a rk s  have p re p a re d  from th e  a p p r o p r i a t e  monomer
th e  t h r e e  i so m e r ic  p o l y - ( c h l o r o s t y r e n e s )  and p o ly - (b ro m o s ty re n e s )  which
were s o l u b l e - i n  c h lo ro fo rm .
139Ushakov and Matuzov ' have r e p o r t e d  th e  p r e p a r a t i o n  o f  a p o ly -  
( c h lo r o s ty r e n e )  by c h l o r i n a t i o n  o f  p o ly s ty r e n e  i n  carb on  t e t r a c h l o r i d e  
( u s in g  Pe , I  and AlCl^ c a t a l y s t s )  which y ie ld e d  a p ro d u c t  o f  m o le c u la r  
w e igh t 2-7 t im e s  low er th a n  th e  s t a r t i n g  m a t e r i a l ,  i n  which th e  i n t r o ­
d u c t io n  o f  c h lo r i n e  was e f f e c t e d  to  th e  e x te n t  o f  38# 3^. The p ro d u c t  
was n o n -c o m b u s tib le  and s o lu b le  i n  benzene and i t s  homologues and 
c h lo r i n a t e d  h y d ro c a rb o n s .  Bachman, H eilm an, Robinson and ,co -w orkers  
have  s i m i l a r l y  p re p a re d  a  p o l y - ( c h l o r o s t y r e n e )  s o lu b le  i n  c h lo ro fo rm , 
ca rb on  t e t r a c h l o r i d e  and sym- t e t r a c h l o r o e t h a n e .
The p r e s e n t  p o ly - ( h a lo g e n o s ty r e n e s )  c o n ta in  no n i t r o g e n ,  whence 
a z o - l in k a g e s  a re  n o t  p r e s e n t ,  and c r o s s - l i n k i n g  i s  a s c r ib e d  to  P s c h o r r -  
ty p e  r e a c t i o n s ;  ( i )  by i n t r a m o l e c u l a r  r e a c t i o n  c a u s in g  c y c l i s a t i o n ;
( i i )  by in t e r m o l e c u l a r  r e a c t i o n  c a u s in g  c r o s s - l i n k i n g  o f  two m acro- 
m o le c u la r  c h a i n s . -
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“’/ “H / “n  / " nCH CH
^N .
( i i )  CH CH .CH/ x_y \
X
eu
’CH
-™2 . . , ™ 2 . , ™ 2
X
CH
/ / CH,
X =  H, OH, OMe, C l ,  B r, I
Examples o f  th e  P s c h o r r  r e a c t i o n  p ro c e e d in g  where th e  n u c le u s  
u n d e rg o in g  a t t a c k  i s  u n s u b s t i t u t e d  o r  s u b s t i t u t e d  w ith  g rou ps  l i k e l y  to  
be e n co u n te re d  i n  th e  p o ly m eric  sys tem s a re  r e c o rd e d  i n  rev iew s  o f  t h i s  
s u b je c t  by Leake^"^^ and DeTar^^^, The s e p a r a t i o n  o f  th e  two carbon, atoms 
to  be l in k e d  t o g e t h e r  would ap p ea r  to  be th e  most im p o r ta n t  f a c t o r  
g o v e rn in g  th e  e x te n t  to  which c y c l i s a t i o n  may o c c u r .  There  l i t t l e  
q u a n t i t a t i v e  d a t a  upon which th e s e  d i s t a n c e s  may be c a l c u l a t e d ,  bu t  
q u a l i t a t i v e l y  th e  c y c l i s a t i o n  d e c r e a s e s  w ith  i n c r e a s i n g  s i z e  o f  th e  
bridge, betw een th e  two a ro m a tic  n u c l e i ;  th e  r i g i d  c i s - s t i l b e n e  c o n f ig -  
'« ra t io n  b e in g  one o f  t h e  most f a v o u r a b le .
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X ÏÏC=CH ^  CH g  )> G H g -  CH g
E l e c t r i c a l  e f f e c t s  ap pea r  to  p la y  a m inor r o l e  ( e x c e p t  i n  th e  c a se  
o f  a h y d ro x y l  group  i n  th e  a ro m a tic  n u c le u s  o r th o  to  th e  d iazonium  
group , where d ia z o - o x id e  fo rm a t io n  i s  p o s s i b l e ) ,  and even where X =  CO 
o r  SO2 a p p re c ia b le  r i n g  c lo s u r e  o c c u r s .
Compounds b e a r in g  g ro ups s i m i l a r  to  tho se , in  th e  p o ly m eric  sy s te m s , 
which undergo t h i s  c y c l i s a t i o n  r e a c t i o n  a re  sho^m below ;
C— COgH
R =; 2 , OMe^^'^, Br^^^
S u ln h u r .
R e a c t io n  o f  th e  d i a z o t i s e d  homopolymer and copolym er by th e  
14.7 14.AL eu kard t  r e a c t i o n  ' w i th  p o tass iu m  e t h y l  x a n th a te ,  which f o l lo w s  
th e  c o u rse  shown below y ie ld e d  th e  t h i o l s  i n  abou t 55fo e n t r y  o f  s u lp h u r  
Ar—Wp + KS«-CS—OEt — 70°-> A rS -C S — OEt + N„ + K'^Iaq . KOH 
4rArSH 4 _ A o id —  ArSK + KS—CO—OEt
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f o r  th e  homopolymer and 63^ f o r  th e  copolym er; th e  l a t t e r  o n ly  co n ta ined  
n i t r o g e n .  Both th e  p ro d u c ts  from th e  homopolymer and copolym er were 
i n s o l u b l e  p resum ably  owing to  c r o s s - l i n k i n g  as. i n d i c a t e d  f o r  th e  
ha logeno  compounds. I t  i s  n o t  p o s s ib l e  to  s t a t e  how f a r  th e  s u lp h u r  i s  
p r e s e n t  as t h i o l ,  b ecau se  o x i d a t io n  to  d i s u l p h id e  may have o c c u r re d  
d u r in g  th e  p r e p a r a t i o n ;
2 R— SH— ^ S— R
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m-üjninos ty r e n e  and m -cum idine have been s y n th e s i s e d  by known r o u t e s  
w ith  m o d i f i c a t io n s  and im provem ents.
The m ajo r  improvement i n  th e  fo rm er s y n t h e s i s  h a s  been  i n  th e  
d e s ig n in g  o f  a f low  p r o c e s s ,  as opposed to  th e  s t a t i c  m ethod, f o r  th e  
d e h y d ra t io n  o fa K -m e th y l-m -n i t ro b e n z y l  a l c o h o l ,  which h as  r e s u l t e d  i n  
ap p ro x im a te ly  th e  same p e rc e n ta g e  y i e l d s ,  b u t  h a s  en ab led  more 
c o n v e n ie n t  h a n d l in g  o f  l a r g e r  q u a n t i t i e s  o f  th e  a l c o h o l .
In  t h e  s y n t h e s i s  o f  m -cum idine , th e  b y -p ro d u c t  formed i n  th e  
n i t r a t i o n  o f  4-acetam inooum ene h a s  been  confirm ed  to  be 4 - ace tam in o -  
3 , 5 -d in i t r o c u m e n e .
P o ly - (m -a m in o s ty re n e )  and s ty re n e -m -a m in o s ty re n e  2 ; 1 copolym er, 
have been  p re p a re d  by b u lk  p o ly m e r is a t io n  u s in g  2 , 2 ‘- a z q i s o b u t y r o n i t r i l ©  
as i n i t i a t o r  a t  two c o n c e n t r a t i o n s  ( 0 ,2  and 0 .4 ^  by w e ig h t)  f o r  each 
po lym er. I n t r i n s i c  v i s c o s i t y  d e te r m in a t io n s  have shown th e  two .p a ir s  
o f  polym ers to  p o s s e s s  d i f f e r e n t  average  m o le c u la r  w e ig h ts .
The p o ly m eric  amines have been c o n v e r te d  to  t h e i r  r e s p e c t i v e  
d iazonium  c h lo r i d e s  i n  a c i d ic  aqueous m ethanol and o b ta in e d  i n  
homogeneous s o l u t i o n .  The r a t e s  o f  d eco m p o s it io n  o f  th e  two homo­
po ly m eric  and th e  two cop o lym eric  d iazonium  c h l o r i d e s ,  and th o se  o f  
benzened iazon ium  c h lo r i d e  and m -cu m en e d iaz o n iu m -ch lo r id e , i n  s i m i l a r  
s o l u t i o n ,  have  been d e te rm in e d  a t  2 9 .8 * ;  a l l  a re  o f  th e  f i r s t  o r d e r  
and have c o n s t a n t s  r e s p e c t i v e l y ,  3 .4 9 ,  3 .4 5 ;  3 .0 8 ,  3 .1 2 ;  1 .1 4  and 
7 .1 5  X 10 ^ see  ^ . The r a t e  o f  d eco m p o si t io n  o f  copolym er ( l l )  has  
been  d e te rm in e d  i n  a h ig h e r  c o n c e n t r a t i o n  o f  i n i t i a l  e x ce ss  h y d r o c h lo r i c  
a c id ,  y i e l d i n g  th e  f i r s t - o r d e r  c o n s t a n t  3 .40  x 10~^ se c~ ^ .
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From com parison  o f  th e s e  r a t e s  i t  i s  i n f e r r e d ,  t h a t  i n  th e  
d e co m p o sitio n  o f  th e  p o ly m e ric  d iazonium  c a t i o n s ;  ( i )  th e  p o ly v in y l  
main c h a in  r e l e a s e s  e l e c t r o n s ,  to w ard s  th e  pheny l d iazonium  g ro u p s ;
( i i )  th e  d eco m p o sit io n  i s  i n s e n s i t i v e  to  changes i n  th e  a c i d i t y  o f  th e  
s o l v e n t ;  ( i i i )  s p e c i f i c a l l y  m acrom o lecu la r  f a c t o r s  do n o t  o p e ra te  
a p p re c ia b ly  i n  the. d e c o m p o s i t io n s .
The c o u rse  o f  th e  reac tichn  f o r  benzenediazonium  c h lo r i d e  h a s  been 
a s c e r t a i n e d  by s e p a r a t i o n  and i d e n t i f i c a t i o n  o f  t h e  r e a c t i o n  p ro d u c ts  
from w hich, p h en o l,  a n i s o l e ,  ch lo roben zene . and p o s s ib l y  4 -hydroxy­
d ip h e n y l  have been  i d e n t i f i e d .  T h is  h a s  n o t  been  p o s s ib l e  w ith  th e  
po ly m eric  compounds owing to  th e  common a t ta c h m e n t  o f  th e  v a r io u s  
d e co m p o sit io n  p ro d u c ts  to  one m acrom olecu la r  c h a in  and to  th e  
i n s o l u b i l i t y  which r e s u l t s  from th e  in c id e n c e  o f  c r o s s - l i n k i n g .
The d iazonium  g roup s  o f  th e  homopolymers and copolym er (.11 ) have 
been  r e p l a c e d ,  by means o f  s ta n d a r d  d iazonium  re p la c e m e n t  r e a c t i o n s ,  
by c h l o r i n e ,  brom ine and io d in e  atoms and t h i o l  g ro u p s .  The, p e rc e n ta g e  
e n t r y  o f  t h e s e  g rou ps  h a s  been deduced from th e  e le m e n ta ry  a n a ly s e s  o f  
th e  r e p la c e m e n t -p ro d u c ts  and th e  r e s u l t s  a re  summarised as  fo l lo w ss
S u b s t i t u e n t  
io e n t r y
Homopolymer 
Cl Br I  SH
8 5 ,86  8 3 ,8 8  64 ,75  54 ,55
Copolymer 
Cl Br I  SH
58 ,71  7 7 ,7 7  48 ,55  65 ,70
The i n s o l u b i l i t y  o f  th e s e  m a t e r i a l s  h a s  been d i s c u s s e d  w ith  
r e f e r e n c e  to  t h e  P s c h o r r  r e a c t i o n  o f  d iazonium  compounds, and has  been  
a s c r ib e d  to  c r o s s - l i n k i n g  w i th in  and betw een th e  m acro m o lecu lar  c h a in s i
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